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THE  SPIRAL  NEBULA  H  /,  55  PEGASI. 

By  James   E.    Keeler. 

The  small  nebula  HI,  55  Pegasi  {G.  C.  4892)  is  not  in  itself 
very  remarkable,  as  compared  with  many  other  objects  of  the 
same  class,  but  considerable  interest  attaches  to  it  on  account  of 
the  diverse  forms  which  have  been  ascribed  to  it  by  different 
observers. 

Herschel  describes  this  nebula  as  pretty  bright  ;  irregularly 
round  ;  resolvable  ;  elongated  between  two  stars  ;  containing  two 
or  three  stars.  In  another  observation  it  is  described  as  much 
elongated,  its  length  being  2'.i  and  its  breadth  30".  The  draw- 
ing^ shows  a  narrow,  spindle-shaped  nebula,  which  accords  with 
this  description. 

D'Arrest's  drawing^  much  resembles  that  of  Herschel,  but 
the  width  of  the  nebula  is  greater,  and  the  condensation  toward 
the  center  is  shown.  The  conventionalized,  lozenge-shaped  out- 
line gives  the  drawing  a  somewhat  unnatural  aj)j)earance. 

^Phil.  Trans.,  1833,  PI.  XIV,  Fig.  39. 
^  Instrutnentum  magnum  aequatoreum,  PI.  II,  Fig.  6. 
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Lord  Rosse,  who  observed  the  nebula  many  times,  was 
uncertain  whether  to  class  it  as  an  annular  or  a  spiral  nebula.  His 
drawing'  shows  a  spindle-shaped  nebulous  mass,  somewhat  like 
Herschel's.  with  spiral  convolutions  surrounding  a  star  of  about 
the  fifteenth  magnitude  on  the  preceding  side. 

In  X'olume  I  of  Himmcl  iind  Erde  there  is  a  drawing ^^  by 
Tempel,  which  was  communicated  to  that  journal  with  some 
interesting  remarks  on  the  subject  of  unconscious  personal 
tendencies  in  drawing  faint  objects.  All  the  above-mentioned 
drawings  are  brought  together,  for  comparison,  in  Plate  III,  and 
they  are  reproduced  here  with  the  acknowledgments  of  the 
Editors  of  the  Astrophysical  Journal. 

In  Tempel's  drawing  the  spiral  convolutions  of  Lord  Rosse 
are  represented  by  a  diffuse  patch  of  nebulosity,  in  which  no 
structure  is  shown.  The  writer  of  the  article  in  Himmel  7ind 
Erde  observes  that  Tempel's  failure  to  see  a  spiral  form  could 
not  have  been  due  to  insufficient  optical  power,  since  he  has 
shown  a  faint  new  nebula  which  escaped  the  telescope  of  Lord 
Rosse  ;  but  this  remark  loses  all  its  force  when  it  is  shown  (as  it 
is  shown  farther  below),  that  Tempel's  supposed  nebula  certainly 
does  not  exist.  There  is  no  doubt  that  Lord  Rosse  saw^  the 
nebula  to  much  greater  advantage  than  Tempel. 

A  photograph  of  this  nebula  has  been  made  by  Dr.  Roberts, 
and  is  reproduced  on  plate  50  of  his  Selection  of  PJiotographs  of 
Stars,  Star- Clusters  a /id  Nebulae.  The  description  there  given  is 
as  follows  : 

"The  photograph  shows  the  nebula  to  be  elliptical,  with  a 
dense,  broad  line  of  nebulosity,  curved  at  both  ends,  forming 
the  major  axis,  which  has  a  star  of  about  fifteenth  magnitude  in 
its  center,  and  there  is  also  a  slightly  fainter  star  in  the  center  of 
the /r^i:^^///^  semi-ellipse.  No  structure  is  visible  in  it,  such  as 
that  shown  on  the  drawing  by  Lord  Rosse,  but  the  semi-ellipse 
on  Xht  folloivi?ig  s'\de  is  shown  on  the  photograph,  though  it  is 
not  on  the  drawing."  ' 

^\Pkil.  Trans.,  1850,  PI.  XXXVI,  Fig.  4. 
»Opp.,  p.  133. 
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So  far  as  the  general  character  of  the  nebuhi  is  concerned, 
Dr.  Roberts  seems  to  have  misinterpreted  the  details  shown  by 
iiis  photograph,  owing  doubtless  to  the  small  scale  of  the  nega- 
tive. The  exposure  was  amply  sufficient  to  bring  out  the  fainter 
parts  of  the  nebula. 

Two  photograj)hs  of  H  /,  55  Pegasi  have  been  taken  with  the 
Crossley  reflector,  which  has  a  focal  length  more  than  twice  as 
great  as  that  of  Dr.  Roberts'  telescope,  and  is  correspondingly 
better  adapted  to  the  j)hotograph3-  of  these  small  nebulae.  A 
plate  was  exposed  on  August  9,  1899,  for  two  hours,  and  another 
on  August  28  for  three  hours  and  thirty  minutes,  yielding  an 
excellent  negative.  From  this  a  positive  was  made  on  glass, 
with  an  enlargement  of  7.5  diameters.  It  is  reproduced  in  the 
accompanying  plate.  The  slight  ellipticity  of  the  star-disks  is  in 
this  case  due,  not  to  imperfect  guiding,  but  to  aberration,  the 
nebula  having  been  photographed  at  some  little  distance  from 
the  center  of  the  plate. 

A  glance  at  the  photograph  shows  that  the  nebula  is  a  two- 
branched,  left-handed  spiral,  with  a  nucleus  or  condensation 
near  the  point  of  inflection.  The  preceding  branch  is  strong  and 
single,  but  the  following  branch  is  split  into  two,  which  cross 
where  their  curvature  is  greatest,  at  some  distance  from  the  cen- 
ter of  the  spiral,  and  unite  again  at  their  extremities.  This 
appearance  in  the  components  of  the  following  branch,  and  the 
fact  that  the  ends  of  both  branches  curve  around  so  as  to 
approach  the  center  more  closely  than  do  the  intermediate 
parts,  are  doubtless  effects  of  projection,  the  plane  of  the  spiral 
lying  obliquely  to  the  line  of  sight.  Proceeding  from  the  fol- 
lowing branch  are  also  numerous  streams  of  faint  nebulosity, 
which  very  likely  may  not  appear  in  the  reproduction. 

In  the  center  of  the  space  which  is  nearly  enclosed  by  the 
preceding  branch  is  the  fifteenth  magnitude  star  drawn  by  Lord 
Rosse.  The  greater  part  of  this  space  is  filled  with  faint  nebu- 
losity, but  a  narrow  dark  bay  extends  inward  from  the  opening 
on  the  north,  and  the  star  is  situated  in  the  middle  of  the  head 
of   this    bay.      The    dark   space   and   the    faint   nebulosity  which 
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borders  it  arc  concentrically  disposed  with  rcs[)cct  to  the  star.' 
It  would  be  of  great  interest  to  know  whether  this  singular  posi- 
tion of  the  star  is  accidental  or  whether  the  star  and  the  nebula 
are  physically  connected  ;  and  if  so,  in  what  way  the  star  was 
left  in  its  present  position  during  the  process  of  contraction. 
On  the  first  of  these  questions  an  investigation  of  the  spectrum, 
which  will  be  made  in  due  time,  may  throw  some  light.  Assum- 
ing, for  the  present,  that  the  star  is  physically  connected  with 
the  nebula,  it  seems  to  me  possible  that  the  proximity  of  this 
star  may  account  for  the  unsymmetrical  appearance  of  the  spiral 
which  may  be  due  to  an  actual  difference  in  the  dimensions  of 
the  two  branches,  or  to  their  lying  in  differently  inclined  planes. 

A  comparison  of  the  photograph  with  the  figures  in  the  jjlate 
illustrates  in  a  very  interesting  and  instructive  manner,  the  per- 
sonality of  the  draftsman  which  is  commented  upon  by  Tempel, 
and  from  which  his  own  drawing  is  by  no  means  exem})t. 

The  most  obvious  tendency  of  the  draughtsman,  which  is  seen 
in  this  and  in  similar  comparisons,  is  to  prolong  a  line  or  curve 
beyond  the  point  at  which  it  actually  stops.  Thus  all  the 
observers  of  H  /,  55  Pegasi,  regarding  the  central  part  of  the 
spiral  as  a  straight,  elongated  nebula,  imagined  that  they  saw  it 
extended  in  both  directions  beyond  its  real  limits,  and  conse- 
quently represented  it  as  having  the  spindle-shaped  outline 
shown  in  the  figures.  The  preceding  branch  of  the  spiral  was 
recognized  in  its  true  character  by  Lord  Rosse  alone.  The  fol- 
lowing branch  can  hardly  be  detected  visually.  It  is  barely  vis- 
ible with  the  Crossley  reflector  on  a  fine  night,  and  its  spiral 
structure  would  certainly  not  be  suspected. 

There  is  also  a  natural  tendency  in  drawing  to  emphasize  the 
details  caught  by  the  eye,  while  others,  which  are  missed,  may 
be  nearly  or  quite  as  jjrominent.  Thus  the  drawing  and  the 
photograjjh  differ. 

The  faint  nebula  drawn  by  Temj)el  a  little  east  of  //  /,  jj 
Pegasi  does  not  appear  on  the  Crossley  photograph,  although  it 

'  It  is  quite  likely  that  these  details  also  will  fail  to  appear  in  the  reproduction. 
The  largest  star  of  the  drawings,  south  of  the  nebula,  is  just  outside  the  limit  of  the 
photograph. 


PLATE  II. 


PHOTOGRAPH  OF  THE  NEBULA  H  I.  js  PEGASI 
Made  with  the  Crossley  Reflector 


PLATE   III. 


DRAWINGS  OF  THE   NEBULA  //  /.  jj  PEGASI 
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is  hardly  necessary  to  say  that  with  an  exposure  of  three  and 
one  half  hours  this  instrument  will  photograph  nebulae  beyond 
the  reach  of  any  visual  telescope  whatever.  Near  the  place  of 
the  supposed  nebula  there  are  several  small  stars,  whose  com- 
bined effect  may  possibly  have  produced  an  appearance  of  nebu- 
losity, thoui^h  tliey  are  all  below  the  sixteenth  magnitude.  In 
the  case  of  Lord  Rosse's  drawing  it  is  probable  that  the  numer- 
ous streaks  and  patches  represent  a  manner  of  drawing,  rather 
than  an  attempt  to  depict  extremely  minute  details. 

Lick  Observatory, 

University  of  California, 
December  1899. 


ON   A    NEW  SVSTICM    FOR   SPECTRAL   PHOTOMETRIC 

WORK. 

By  D.   B.    Bra  c  e. 

In  the  comparison  of  intensities  of  the  spectra  of  different 
radiants  or  of  the  different  parts  of  the  same  spectrum,  the 
greatest  sensibility  of  the  eye  is  attained  when  the  determination 
between  these  elements  in  the  field  of  view  is  the  sharpest,  so 
that  in  a  settini^  for  a  match  the  boundary  can  be  made  to  vanish 
abruptly  and  completely,  thus  giving  a  perfect  uniformity  in 
the  intensity  of  the  field.  This  latter  must  also  be  sufficiently 
bright  to  give  to  the  eye  the  most  fax'orable  conditions  in  such 
a  comparison.  It  must  also  be  possible  to  measure,  to  at  least 
as  high  a  degree  of  accuracy,  in  a  simple  way,  the  variations  in 
the  intensities  by  which  this  is  attained  and  maintain  constant 
sources,  which  may  be  readily  reproduced  for  comparison. 

In  many  of  the  instruments  these  three  conditions  are  not 
realized.  In  some  we  find  the  means  for  measuring  a  variation 
in  intensity  very  accurately  attained,  but  at  the  expense  of  the 
amount  of  the  original  light,  so  that  an  accurate  setting  cannot 
be  obtained  on  account  of  the  weakness  of  the  field  of  view. 
When  sufficient  light  is  available,  a  dark  line  or  (bright  line)  is 
usually  visible  between  the  two  parts  of  the  field,  which  seriously 
reduces  the  sensibility  of  the  eye  in  determining  a  match. 

In  the  instruments  devised  by  Govi,  Vierordt,  Crova,  and 
others,  the  two  spectra  are  made  contiguous  by  means  of  double 
slits  or  total  reflecting  prisms  which,  if  they  do  not  overlap,  give 
a  line  of  separation  of  perceptible  width  and  of  less  intensity 
than  the  adjacent  spectra  or,  if  they  do  overlap,  a  region  of  \ari- 
able  intensity  of  finite  width  which  confuses  the  eye  in  deter- 
mining a  match.  In  the  polarizing  instruments  where  double 
image  prisms  are  used  to  affect  the  same  thing,  this  gradual 
transition  from  the  true  intensity  of  one  spectrum  to  that  of  the 
other    is    of   finite    extent.      In    addition    to    this    difficulty,    the 
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briglitncss  of  the  field  is  reduced  too  much  to  make  accurate 
comparisons  of  radiants  of  low  intensity,  as  in  the  types  used  by 
Glan,  Crova,  Glazebrook,  Konig,  and  others.  In  the  instruments 
of  Cornu  and  Kundt  where  the  variation  in  intensity  is  attained 
by  diaphragming  the  objective  sectorially,  the  two  spectra  must 
be  brought  together  by  systems  having  the  above  inherent 
defects,  which,  with  the  liability  to  irregular  distribution  oj 
intensities  over  the  objective  and  consequent  error  of  measure- 
ment, render  them  open  to  serious  objection. 

Photometers  like  those  of  Wild,  Trannin,  and  others,  which 
depend  upon  the  vanishing  of  the  interference  bands  of  two  dis- 
tinct sources  when  properly  superposed,  after  a  method  used  by 
Babinet,  are  not  capable  of  great  sensibility  and  are  decidedly 
objectionable  on  account  of  the  severe  strain  upon  the  eye  in 
determining  the  exact  vanishment  of  the  bands.  The  accuracy 
of  measurement  of  the  intensities  is  very  high,  far  more  so  than 
the  sensibility  of  the  eye  in  making  a  match.  The  degree  of 
accuracy  to  which  an  instrument  is  graduated  for  measuring 
changes  of  intensities  should  not  be  mistaken  for  the  accuracy 
with  which  the  eye  can  make  the  comparisons  as  seems  to  have 
been  done  in  the  case  of  one  of  these  latter  instruments  and 
generally  quoted  by  authorities  of  high  experience.  The  con- 
structors of  such  an  instrument  have  readily  obtained  a  gradua- 
tion accurate  to  one  tenth  per  cent,  but  have  scarcely  attained  a 
setting  with  the  eye  accurate  to  one  per  cent.,  so  that  they  have 
replaced  it  by  several  instruments  which  give  superior  results. 
It  is  doubtful  if  a  true  sensibility  of  the  value  so  generally  quoted 
for  interference  photometers  has  ever  been  attained  to  even  one 
tenth  part.  It  is  only  in  one  or  two  later  types  of  spectrophotom- 
eters, that  the  sensibility  in  the  settings  by  the  eye  have 
reached  or  exceeded  the  means  of  measuring  the  intensities  as 
well  as  of  maintaining  their  uniformity,  notwithstanding  the 
various  types  of  radiants  proposed  as  photometric  standards. 
While  much  attention  has  been  given  to  this  latter  question  no 
radiant,  with  possibly  the  exception  of  the  Reichsanstalt  platinum 
standard,  has  been  proposed   which    will  maintain   its  constancy 
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throughout  the  spectrum,  for  an  extended  period  of  time,  to 
within  one  fourth  of  one  per  cent., —  the  sensibility  now  obtainable 
by  the  eve  with  a  simple  prismatic  viewing  screen.  If  we  con- 
sider the  complexity  of  the  optical  systems  in  some  of  the 
spectral  photometers,  particularly  in  the  polarizing  types,  the 
impossibility  of  collating  the  results  of  different  observers  with 
one  another  or  of  obtaining  absolute  spectrophotometric  data 
accurate  to  within  one  per  cent,  is  apparent. 

In  the  [)hotometer  cube  of  Lummer  and  Brodhun  '  we  have 
the  conditions  of  great  accuracy  in  comparisons,  since  here  the 
boundary  between  the  fields  compared  is  very  sharp  and  vanishes 
for  equal  intensities.  They  have  adopted  different  means  for 
obtaining  this  condition,  two  of  which  are  now  in  use.  The 
first,  which  is  more  available  for  white  light,  is  attained  by  etch- 
ing sharply  away  a  part  of  the  surface  forming  the  diagonal  of  a 
cube  consisting  of  two  prisms,  so  that  total  reflection  from  the 
diagonal  face  of  the  second  prism  abruptly  terminates  at  the 
boundary  of  the  etching,  thus  giving  the  required  condition.  In 
the  second,  which  is  suitable  for  spectral  comparison,  the  prisms 
of  the  cube  are  cemented  together  after  a  part  of  one  of  the 
diagonal  surfaces  has  been  silvered  to  a  sharp  limit,  so  that 
internal  reflection  abruptly  ceases  at  this  line.  An  analogous 
method  proposed  bv  the  writer,  for  obtaining  abruj)t  transitions 
from  several  successively  parallel  reflecting  surfaces  has  been 
used  by  Doubt^  in  making  comparisons  of  color  mixtures. 

In  order  to  avoid  diffraction,  which  would  destroy  the  sharp- 
ness of  the  boundarv,  the  line  of  delimitation  must  be  chosen  so 
that  it  is  parallel  to  the  dispersion  at  each  point.  It  is  found  by 
so  doing  that  all   diffracting  phenomena  disappear  for  a  match. 

In  these  several  screens  no  dispersion  takes  place.  This  is 
effected  by  the  usual  dispersing  prism  which  forms  a  part  of  the 
optical  train.  In  the  photometer  here  described  the  dispersion 
takes  place  within  the  prismatic  viewing  screen  itself,  thus  sim- 
plifying the  optical  system  and  reducing  the  number  of  refracting 

^ Zeitschrift  fiir  Imtrumentenkunde,  February  1892;  April  1892. 
»T.  E.  Doubt,  Phil.  Mag.,  46,  216,  1898. 
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surfaces  and  the  number  of  adjustments  necessary  to  eliminate 
diffraction  and  obtain  a  perfectly  sharp  boundary. 

The  compound  prism,  Fig.  i,  is  essentially  an  equilateral 
prism  bisected  by  a  plane  A  D  through  one  of  its  refracting 
edges,  thus  making  the  vertical  angles  at  A  of  each  prism  ecjual. 
The  face  A  D  of  one  of  the  prisms,  A  D  C' say,  is  then  silvered, 
and  this  silvering  carefully  removed,  all  except  a  strijj  whose 
length  is  normal  to  the  bisected  edge 
and  whose  height  is  about  one  third 
the  field  of  view.  The  edges  of  the 
strip  5  5"  must  be  perfectly  sharp  and 
regular.  This  is  generally  effected  by 
carefully  treating  with  acid  and  finish- 
ing the  bounding  lines  with  a  sharp 
ivory  chisel.  The  vertical  angles  B 
and  C  should  be  the  same.  The  two 
prisms  are  then  placed  together  with 
some  cement  or  li(juid  between  the 
common    surfaces    A    D.      For   prisms 

of  low  dispersion  balsam  is  used,  and  a-monobromonapthaline  in 
a  prism  of  high  refractive  index.  This  latter  substance  is  very 
constant  under  such  conditions  and  does  not  attack  the  silver 
and  is  further  colorless  and  very  transparent  to  the  blue  and 
violet  rays.  Both  substances  however  must  be  cemented  in  to 
prevent  evaporation,  the  latter  especially  being  quite  volatile  and 
gradually  disappearing  at  the  edges,  thus  contracting  the  field 
of  view.  If  gelatine,  which  is  not  attacked  by  it,  is  placed  over 
the  edges,  the  evaporation  can  be  checked  and  the  prism  made 
permanent.  In  this  arrangement  the  prism  can  readily  be 
taken  apart  and  cleaned  and  refilled  with  new  fluid,  if  necessary, 
without  injuring  the  silver  strip.  On  account  of  the  slight 
thickness  of  this  strip  and  the  difference  in  the  refractive  indices 
between  the  cementing  fluid  and  the  glass,  some  light  may  be 
reflected  from  other  portions  of  the  interface  than  5  5  which, 
when  this  difference  is  marked,  will  produce  the  phenomenon  of 
interference    bands    for    thin    films.      Under    certain    conditions 


Fig.   I 


10  1).   /.'.   liRACE 

these  c;in  l)c  seen,  but,  as  will  be  shown  later,  they  disappear 
entireU'  when  the  eye  observes  directly  the  interface  and  a 
match  is  made.  In  i^eneral,  prisms  of  hi<^h  dispersive  j)ower  are 
preferable  especiallv  when  sufficient  light  is  available,  in  order 
that  comparisons  mav  be  made  with  the  field  as  ncarlv  mono- 
chromatic as  possible.  I'or  low  intensities,  such  as  in  compari- 
sons of  stellar  spectra,  crown  glass  may  be  advantageous.  The 
glass  selected  for  higher  dispersion  is  that  from  the  factory  of 
Messrs.  Schott   and   Co.,  Jena,  Dense  Silicate    Flint  O  102  7ij  = 

1.6527,   ( 1       =^-0.01950.       The     corresponding     index    of 

a-monobromonapthaline  is  //,,  =  1. 6582  @  20°  C.  This  combina- 
tion gives  no  appreciable  internal  reflection  or  interference  and 
a  monochromatic  field  of  great  uniformity  when  viewed  directly 
bv  the  eye  through  a  slit  of  quite  sufBcient  dimensions  to  obtain 
the  proper  intensities  for  comparisons.  The  above,  fluid  is  now 
much  used  for  optical  purposes  and  is  readily  obtained.  When 
this  is  not  at  hand  Canada  balsam  may  be  used  with  this  glass, 
although  interference  bands  are  general!}-  present  when  viewed 
with  the  eyepiece,  but  vanish  when  viewed  directly  with  the 
eye.  The  results  however  are  not  as  satisfactory  as  when  the 
indices  are  nearly  the  same,  and  it  is  difficult  to  separate  the 
prisms  after  a  considerable  length  of  time  without  destroying  the 
silver  strip.  Crown-glass  prisms  cemented  with  balsam  give  less 
dispersion  but  greater  spectral  intensities  and  a  fairly  monochro- 
matic field,  particularly  in  the  upper  {portions  of  the  spectrum. 
For  low  intensities  these  may  be  used  to  advantage,  for  exam])le, 
in  comparing  stellar  spectra  of  the  fainter  stars. 

Heretofore  in  making  spectral  comparisons  of  two  sources 
sent  from  different  directions  through  the  same  dispersing  prism 
into  the  field  of  view, —  notably  in  the  well-known  color  instru- 
ment of  von  Helmholtz, — -the  adjacent  spectra  extend  in  opj)osite 
directions  across  the  field.  On  account  of  this  change  in  direc- 
tion of  the  color  gradient  a  perceptible  change  in  tint  at  the 
■extremities  occurs,  while  at  the  same  time  a  black  vertical  line 
is  always  seen  sejiarating  the  two  halves  of  the  field.      From  the 
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well-known  optical  [)riiici[)lc  that  an  odd  nLinil)cr  ot  rellcctions 
j)roduccs  a  rex'crsion  aiul  an  c\'en  number  a  rectification  of  the 
image,  it  will  be  seen  that  in  the  combination  here  considered 
we  ha\'e  one  reflection  and  a  direct  transmission  giving  the 
same  cok)r  gradient  to  the  sj^ectra  of  the  two   sources. 

In  Fig.  2,  A  B  C\-> 
the  compound  prism,  T 
and  T'  arc  the  colli- 
mating  telescopes  and 
R  is  the  observing  tele- 
scope. A  rav  b,  for 
example,  from  the  slit 
of  T  is  refracted  at  the 
face  B  D  after  which 
each  color  component 
meets  the  interface  A 
D  at  d  .  ..({',  those 
rays  meeting  the  sil- 
vered strip  being  re- 
flected out  through  the 
[)rism  in  the  direction 
a  J  .  .  .  a,..' ,  while  the 
remainder  pass  on 
through  the  prism  into 
the  observing  telescoj)e  R  in  the  direction  <?,^  .  .  .  <?/,,  certain 
color  components  passing  through  the  ocular  slit  into  the 
eye,  which  sees,  consequently,  the  interface  A  D  illuminated 
with  this  color,  excepting  the  portion  of  the  field  covered  by 
the  silvered  strip.  Similarly  the  coUimating  telescope  T'  is 
so  adjusted  that  a  ray  c  from  its  slit  is  refracted  at  the 
surface  D  C  at  such  an  angle  that  its  corresponding  color 
components  meet  the  interface  at  d .  .  .  d' ,  some  passing  on 
through  the  prism  and  emerging  in  the  direction  nj  .  .  .  ^//, 
while  those  meeting  the  silvered  strip  are  reflected  on  out  of 
the  prism  into  the  observing  telescope  along  the  direction 
a^...a,^,  like  color   components  to  the  first   ray  b  thus   passing 
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through  the  slit  R  to  the  cvo,  which  sees  illuminated,  with  the 
same  color,  the  part  of  the  field  covered  by  the  silvered  strip, 
the  boundary  between  the  two  portions  being  thus  abrupt  and 
sharply  defined.  On  varying  the  intensity  of  the  components 
this  is  made  to  vanish  completely,  so  that  the  eye  sees  the 
interface  A  D  illuminated  uniformly  with  the  same  color  and 
without  anv  perceptible  light  or  dark  lines.  The  field  may  be 
stopped  down  to  a  suitable  size  by  a  circular  diaphragm  on  R. 
If  now  the  telescope  R  be  shifted,  the  field  ap])ears  illuminated 
successively  with  all  the  different  colors  of  the  spectrum. 

Since  it  would  introduce  mechanical  complications,  and  the 
error  in  color  intensity  would  be  inappreciable,  if  observations 
were  made  for  mininium  deviation  in  every  case,  the  prism  is 
adjusted  for  the  mean  color  of  the  direct  ray  b.  This  is  effected 
by  inserting  the  eyepiece  in  R  and  observing  with  the  cross 
hairs  the  sodium  line  from  the  slit  of  T.  The  compound  prism 
need  have  but  slight  movement  and  is  to  be  permanently  fastened 
to  its  base.  The  collimating  telescope  T'  is  then  adjusted  for 
the  same  line  and  then  clamped.  In  order  that  the  different 
color  components  of  the  same  original  ray  may  pass  through  the 
same  point  in  the  telescope  R,  its  axis  of  rotation  should  be  about 
the  radiant  axis  of  color  C,  while  its  optical  axis  should  intersect 
the  prism  one  fourth  the  distance  from  A  to  C.  A  like  condi- 
tion applies  to  the  collimating  telescopes  T  and  T' .  For  most 
purposes  the  collimators  may  be  permanently  fixed,  the  telescope 
only  being  mounted  for  rotation.  The  distance  from  the  slit  of 
R  to  the  interface  should  be  approximately  25  cm, —  that  of  dis- 
tinct vision.  In  the  adjustment  with  the  eyepiece,  secondary 
images  or  ghosts  are  seen.  These  are  produced  by  interference 
of  residual  reflections  at  the  interface  when  the  cementing  fluid 
is  of  a  different  index  from  the  glass.  When  the  glass  and  the 
cementing  fluid  have  the  corresponding  indices  stated  above  the 
difference  between  the  internal  losses  of  the  two  sources  arising 
from  these  and  other  causes  is  small.  When  the  cementmg 
fluid  is  removed  and  only  the  surface  of  the  prism  which  contains 
the  silver  strip  illuminated  by  the  collimator  T' ,  the  two  parts  of 
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the  field  lighted  by  the  strijj  and  by  total  reflection  aj)j:)car 
approximately  of  the  same  intensity,  showing  that  the  reflection 
from  silver  in  this  way  is  approximately  total  for  all  colors. 

Dispersing  prisms  of  higher  indices  may  be  used,  but  the 
internal  absori)tion  becomes  marked.  Furthermore  experience 
has  shown  that,  with  denser  glass,  surface  oxidization  takes  place 
after  a  time,  thus  changing  the  constant  of  absorption  for  differ- 
ent colors,  a  factor  which  must  be  invariable  when  the  absolute 
color  gradient  is  being  determined. 

It  is  evident  at  once  that  this  construction  may  serve,  with 
the  use  of  an  eyepiece,  with  one  collimator,  as  a  simple,  and 
with  two  collimators,  as  a  comparison  spectroscope.  On  the 
other  hand,  from  the  symmetry  of  the  optical  system,  a  single 
prism  spectroscope  or  a  spectrometer  may  be  immediately  trans- 
formed into  a  spectral  jjhotometer  by  replacing  the  ordinary 
prism  with  such  a  compound  prism  and  adding  a  second  colli- 
mating  telescope. 

This  type  of  direct  viewing  spectrophotometer  is  especially 
suited  for  making  comparisons  of  very  narrow  or  line  s[)ectra, 
such  as  stellar  spectra,  lunar  or  solar  spectra  of  very  limited 
areas,  and  of  spectra  from  point  or  line  radiants,  etc.  In  color 
comparisons,  a  finite  field  of  view  must  be  presented  to  the  eye 
in  order  to  make  accurate  comparisons.  This  may  be  accom- 
plished by  placing  a  diffusing  screen  in  the  focal  plane  to  receive 
the  spectra,  in  which  case  there  is  a  very  great  loss  of  intensity, 
only  a  small  fraction  of  the  rays  reaching  the  eyes.  It  may  also 
be  obtained  bv  using  a  high  power  eyepiece  or  a  cylindrical 
lens  to  broaden  the  spectra,  but  serious  distortions  and  conse- 
quent variation  in  uniformity  of  the  field  result. 

Fig.  3  shows  an  instrument  attached  to  a  large  telescope  for 
spectrophotometric  observations  of  the  heavenly  bodies.  It  is 
evident  that  all  the  light  of  any  color  gathered  by  the  astro- 
nomical objective  from  one  point  reaches  the  retina ;  and  the 
narrowest  line  spectra,  when  observed  directly  by  the  eye 
through  the  slit  of  the  viewing  telescope  of  the  photometer, 
produce  a  full   field   of  perfect  uniformity.       On   removing  the 
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collimator  slits  and  scndinL(  the  light  from  two  stars  directly 
through  the  respective  collimators,  comparisons  of  their  spectra 
can  at  once  be  made  with  a  field  of  view  of  sufficient  aperture  to 
give  the  eye  the  conditions  of  greatest  sensibility.  Observations  on 
the  spectrum  of  Capella  with  a  4-inch  telescope  and  its  attached 
single  prism  spectroscope  with  the  slit  thrown  wide  and  the  eye- 
piece removed  showed  a  field  of  more  than  sufficient  intensity  to 
make  good  comparisons  ;  from  which  it  is  estimated  that  accurate 
stellar  spectral   measurements    can   be   made   down    to   the    fifth 

magnitude  with  a  40- 
inch  objective.  As 
will  be  referred  to 
later,  comparisons 
have  been  made  with 
intensities  represent- 
ing a  range  from  one 
to  two  millions.  On  examination,  the  Moon  also  showed  abundant 
light  to  determine  the  craterous  luminosity  gradient  in  spectral 
elements.  Atmospheric  absorption  may  also  be  determined  for 
specific  parts  of  the  spectra  of  different  luminous   bodies. 

Fig.  4  (Plate  IV)  shows  a  spectrophotometer  as  constructed 
by  Schmidt  &  Haensch,  of  Berlin,  for  })hysical  purposes,  one 
ninth  actual  size.  The  collimator  T  is  fastened  to  the  body  of 
the  instrument.  The  collimator  T'  and  the  telescope  R  are 
mounted  on  separate  radial  arms  so  that  each  may  be  displaced 
independently  about  the  axis  of  the  instrument.  Each  arm  is 
mounted  with  a  micrometer  screw  and  clamp  which  engages  the 
ring  Q  so  that  any  setting  may  be  attained  and  the  finer  adjust- 
ments made  with  the  micrometer  screws  N  and  N'  respectively. 
J/  is  a  vernier  and  scale  for  determining  the  position  of  R  and 
the  part  of  the  spectrum  observed.  The  collimator  T  may  be 
mounted  with  a  unilateral  slit,  but  the  slit  of  T'  should  be 
bilateral  and  graduated  to  at  least  one  two-hundredths  of  a 
millimeter.  Both  slits  are  mounted  with  total  reflecting  prisms 
for  comparison  spectral  work,  and  for  photometric  work  with  the 
eyepiece  after  the   method   of  Vierordt.     The   total  aperture   of 
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the  slits  need  not  exceed  two  niilliineters.  The  telescope  A'  is 
provided  with  an  eyepiece  E  which  fits  over  a  double  adjustable 
slit  in  its  focal  plane  and  from  which  it  can  be  readily  removed 
and  the  eye  applied  directly.  The  com|)ound  prism  P  within 
which  may  be  seen  the  silver  strip,  is  mounted  above  the  axis  of 
the  instrument  on  a  plate  which  can  be  shifted  laterally  and 
then  screwed  to  the  instrument  when  the  minimum  deviation  has 
been  obtained.  The  prism  and  telescope  objectives  are  carefully 
housed  to  avoid  diffused  light  which  may  interfere  seriously  in 
delicate  comparisons.  Special  care  must  be  exercised  to  elimi- 
nate extraneous  light.  The  silver  next  the  glass  uj^on  which  it 
is  deposited  is  used  as  the  reflecting  surface  since  its  outside 
face  is  subject  to  oxidization  and  is  not  as  perfect.  This  strip 
is  upon  the  prism  next  the  collimating  telescope  T' ,  carrying  the 
bilateral  slit.  With  this  instrument,  the  setting  for  minimum 
deviation  for  sodium  light  is  effected  with  the  collimator  7^  first, 
using  the  compound  slit  in  the  telescope  or  cross  hairs  in  making 
the  setting.  P  is  then  fastened  permanently  and  R  clamped  ;  and 
T'  then  adjusted  for  minimum  deviation  and  clamped.  On  remov- 
ing E  and  illuminating  both  slits  with  the  same  amount  of  light, 
the  eye  should  see  the  field  of  approximately  uniform  color 
and  intensity  when  R  is  shifted  about  the  axis  of  rotation 
through  the  spectrum. 

The  high  sensibility  of  the  instrument  is  readily  seen  by 
the  sharp  outlining  of  the  horizontal  strip  against  the  circular 
field  of  view  when  the  base  is  jarred  slightly.  The  least  unsteadi- 
ness of  the  illuminants  is  manifested  in  a  similar  way.  The  arc  M 
may  now  be  graduated  for  the  different  wave  lengths  by  inserting 
the  eyepiece  E  and  observing  the  Fraunhofer  lines.  The  width 
of  the  occular  slit  may  vary  from  0.5  mm  to  i  mm  depending  on 
the  dispersion  of  the  prism  P,  and  the  height  may  be  somewhat 
greater  except  when  line  spectra  are  being  compared  with  one 
another  or  with  a  broad  spectrum.  In  this  case  it  should  be 
stopped  down  to  the  width  of  the  line  spectra.  This  bilateral 
ocular  slit  may  be  rapidly  and  continuously  adjusted  by  rotation 
of  a  spirally  slotted    disk  which   engages   the  lateral  jaws.     The 
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vertical  jaws  arc  independent  and  adjusted  by  hand.  The  slit 
may  be  turned  through  ninety  degrees  for  adjustment  for  line 
spectra  if  desired.  The  aperture  of  the  telescope  R  is  stopped 
down  to  15  mm,  its  focal  length  is  25  cm,  and  the  width  of  the 
strip  which  is  adjusted  to  the  center  of  the  field  is  5  mm. 

Fig.  5  (Plate  IV)  shows  a  spectrometer  after  a  model  by  von 
Lang,  as  constructed  by  Schmidt  &  Haensch,  Berlin,  and  fitted 
with  an  e.vtra  collimator.  Each  collimator  has  a  bilateral  slit  and 
comparison  prism  and  is  mounted  on  an  independent  arm  which 
is  provided  with  a  micrometer  screw  for  fine  motion,  the  circular 
base  of  the  model  being  faced  down  to  allow  independent 
motion  and  settings.  The  observing  telescope  has  also  been 
fitted  with  an  ocular  slit  and  a  circular  stop  at  the  objective. 
This  instrument  has  been  found  to  be  equally  efficient  with  the 
special  instrument  described  above.  These  additional  accessories 
add  about  20  per  cent,  to  its  original  price.  (Cf.  .Schmidt  & 
Haensch,  Catalogue  1896.  No.  55.) 

The  regular  spectrophotometers  already  described  may  be  had 
for  about  560  M.,  and  with  some  simplifications  for  about  500  M.; 
for  example,  if  both  collimators  arc  fixed  and  the  objectives 
reduced  to  an  aperture  of  15  mm,  the  observing  telescope  alone 
being  provided  with  a  micrometer  screw  and  without  vernier  and 
scale.  This  is  sufficient  for  the  purj)ose  of  photometric  compari- 
son of  different  spectra.  If  comparisons  of  adjacent  elements  of 
the  same  spectra  are  desired  for  the  purpose  of  determining  the 
curve  of  luminosity,  one  or  both  collimators  should  be  provided 
with  graduated  micrometer  screws.  Any  two  adjacent  elements 
can  then  be  thrown  into  the  field  in  succession  and  "  step  by 
step"  comparisons  be  made  clear  across  the  spectrum. 

In  the  optical  system  which  has  just  been  described  almost 
all  the  light  from  the  slit  reaches  the  retina  and  in  a  way  to  give 
the  highest  sensibility  for  comparison,  so  that  the  first  and  second 
conditions  premised  for  photometric  work  have  been  realized. 
The  third  and  fourth  conditions,  namely  of  measuring  the  inten- 
sities and  of  obtaining  constant  and  reproducible  sources  have  in 
part  been  realized  by  simple  methods. 
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By  the  use  of  Nicol  prisms,  double  image  jjrisms,  or  other 
polarizing  systems,  small  changes  of  intensity  are  very  accurately 
determined.  However,  these  introduce  errors  for  depolarization 
and  they  also  reduce  the  amount  of  light  which  reaches  the  retina 
so  much  (at  least  one  half)  that  accurate  readings  cannot  be  made 
for  low  intensities.  The  direct  variation  of  the  distance  from  the 
slit  or  from  a  screen,  is  too  cumbersome  and  inconvenient  for 
permanent  spectrophotometric  work.  The  rotating  sector,  as 
used  first  by  Talbot  and  latterly  by  Lummer  and  Brodhun  at  the 
Reichsanstalt,  is  perhaps  the  most  reliable  method  when  jjrojjerly 
applied,  but  it  is  a  tedious  and  slow  process  for  permanent  work. 
The  method  of  Vierordt  of  measuring  the  width  of  a  unilateral 
or  a  bilateral  slit  introduces  errors  of  several  per  cent,  in  differ- 
ent parts  of  the  spectrum  for  even  a  bilateral  slit,  as  has  been 
shown  by  Lummer  and  Murphy.'  That  this  should  be  so  is 
made  evident  by  inspection  of  the  curve  of  luminosity  for  any 
source. 

Fig.  6  represents  curves  of  luminosity  of  a  normal  trichromatic 
eye  obtained  by  A.  Konig^  for  different  intensities,  the  source 
being  a  triple  gas  burner.  The  unit  of  intensity  is  that  which 
the  eye  with  a  i  sq.  mm  diphragm  receives  from  a  white  screen  of 
magnesium  oxide  illuminated  by  a  o.i  sq.  cm  of  melting  platinum 
(=1.7  candle  power)  at  a  distance  of  i  meter,  the  intensity  of 
the  comparison  color,  SSS/^/w-,  being  given  in  the  diagram  for  the 
corresponding  curves.  In  general,  where  the  sloj^e  of  the  curve 
is  not  a  straight  line,  the  light  entering  the  slit  will  not  be  pro- 
portioned to  its  width.  For  a  unilateral  slit  it  will  only  be  true 
when  the  curve  is  horizontal.  For  a  bilateral  slit  it  will  be  only 
true  for  the  parts  of  the  curve  which  are  straight  lines.  This 
error  may  be  large,  depending  on  the  width  of  the  slit  and  the 
part  of  the  spectrum  examined. 

The  further  difficulty  of  using  the  slit-width,  especially  for 
narrow  widths,  is  in  determming  the  true  zero.  Errors  in  the 
screen  also  enter,  as  well  as  thos"    due  to  selective  absorption  in 

'This  Journal,  6,  i. 

^  Beitrdge  zur  Psychologie  und  Physiologie  der  Sinnesorgane,  1 89 1. 
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the  optical  system  of  the  instrument  itself.  All  of  the  errors, 
however,  may  be  eliminated  by  the  direct  optical  calibration  of 
one  of  the  slits,  a  simple  and  exact  method  of  the  slit  readings 
not  heretofore  used.  With  this  calibration,  observations  can  be 
made  rapidly  and  as  accurately  as  with  the  direct  use  of  polariz- 
ing prisms  or  of  the  variable  rotating  sector.  Both  of  these 
methods  require  elaborate  and  expensive  accessories,  while  the 
latter  is  a  tedious  although  accurate  process.  The  means  of 
calibration  ado[)ted  as  the  most  available  and  accurate  is  the 
rotating  sector,  which  Lummer  and 
Brodhun  haxe  shown  to  be  the  most 
reliable  method.  The  sector  should  of 
course  be  driven  considerably  beyond  the 
speed  of  perceptible  flickering.  Under 
these  conditions  the  effect  on  the  retina 
over  sufficient  ranges  in  intcnsi-tv  is 
simply  proportional  to  the  integral  amount 
of  light  which  reaches  it.  It  is  then  only 
necessary  to  compensate  for  any  known 
change  of  intensity  by  varying  the  slit- 
width  to  obtain  its  true  optical  value.  To  accomplish  this,  a  simple 
cardboard  disk.  Fig.  7,  is  divided  into  any  number  of  equal  parts, 
for  instance  eight,  and  mounted  on  a  whirling  table  or  motor  before 
one  of  the  collimators  of  the  spectrophotometer.  This  may  be 
adjusted  so  as  to  bring  any  one  of  the  sectors  in  front  of  the  slit 
so  that  the  intensitv  mav  be  made  to  vary  from  one  down  to 
one  eighth  successivelv.  If  the  slit  to  be  standardized  is  mounted 
with  T' ,  Fig.  2,  the  sector  may  either  be  placed  before  it  or 
before  the  slit  of  T.  Having  first  obtamed  a  match,  the  disk  is 
set  into  rotation  and  the  slit  of  T'  adjusted  again  for  a  match. 
The  slit  reading  gives  the  relative  optical  value  corresponding 
to  the  sector  used.  For  example,  it  the  sector  was  half  of  the 
circumference,  the  slit  reading  is  for  one  half  its  optical  value  if 
the  rotating  sector  be  before  T,  and  twice  its  value  if  it  be  before 
T' .  Successive  values  may  thus  be  obtained  dividing  uj)  the 
slit    into   proportional    parts.     The    optical    value   for   any   other 
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width  or  reading  of  the  screw  may  be  obtained,  by  interpolation, 
to  any  desired  degree  of  accuracy.  This  calibration  evidently 
eliminates  all  instrumental  errors.  This  process  may  be  repeated 
for  all  colors  by  shifting  the  telescope  R.  Of  course,  either  of 
the  methods  of  measurement  may  be  used  for  calibrating  and 
then  dispensed  with.  Once  the  calibration  curves  are  obtained 
the  slit  should  never  be  closed  and  the  setting  should  always  be 
made  for  one  direction  of  the  screw. 

The  curve  of  luminosity  depends  on  the  nature  of  the  source 
and  on  subjective  conditions.  A  definite  distribution  of  the 
radiant  energy  will  produce  a  certain  curve  for  any  one  eye.  If 
each  element  be  changed  in  the  same  ratio,  the  luminosity  curve 
will  not  vary  in  the  same  way.  This  influence  of  the  absolute 
intensities  on  the  color  gradient  was  first  observed  by  Purkinje. 
The  retinae  of  different  eyes  show  a  variation  in  the  degree  of 
sensation  produced,  not  only  for  the  same  amount  of  energy  for 
any  one  color  but  also  different  relative  sensibilities  for  the  dif- 
ferent spectral  elements.  Thus  trichromatic  eyes  may  show 
greater  discrepancies  in  their  curves  of  luminosity  than  exist 
between  one  of  them  and  a  dichromatic  (red,  green  or  blue  color 
blind)  eye.  A  monochromatic  eye  will  have  its  own  curve  of 
luminosity  which  will  depend  on  the  relative  distribution  of 
energy  and  its  value  for  any  one  part  of  the  spectrum. 

Fig.  6,  already  referred  to,  illustrates  these  variations  for  a 
normal  trichromatic  eye,  each  ordinate  being  multi{)lied  by  a 
factor  which  makes  the  ordinates  of  all  curves  the  same  for  the 
wave-length  535  /x/a. 

Fig.  8  shows  the  curve  of  different  eyes  for  the  same  dis- 
tribution of  energy  when  the  intensity  is  high,  and  also  these 
curves  reduced  to  a  common  ordinate  for  wave-length  535/^/^- 
The  curve  of  a  normal  trichromatic  eve  for  a  uniform  high  dis- 
tribution of  energv  throughout  the  spectrum  is  also  given. 

Fig.  9  gives  the  corresponding  curves  for  very  low  intensi- 
ties. These  curves  represent  the  changes  produced  by  varying 
the  intensity  of  the  original  source, —  a  triple  gas  burner.  Other 
sources,  such  as  incandescent,  filaments,  molten  platinum,  the  arc 
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light,  would  give  their  own  characteristic  curve  under  these  con- 
ditions. For  low  intensities  the  slope  of  the  curves  of  different 
eyes  are  api)roxiniatcly  the  same  and  the  calibration  of  the  slit 
could  be  used  by  dit"ferent  persons  without  serious  error,  but  for 
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other  intensities,  the  calibration  should  be  made  for  each  eye. 
This  error  becomes  less  and  less  as  the  width  of  the  slit  is 
reduced  and  the  dispersion  increased.  With  the  flint  glass 
recommended  and  a  source  readily  available,  the  slit-width  of 
0.25  mm  practically  eliminates  this  error  and  gives  sufficient 
light    for    the     most    sensitive    comparisons     in    general     work. 
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Kx|)criments  upon  the  cy^e  indicate  that  its  curve  docs  not  change 
over  long  periods  at  a  time  ;  hence  if  the  source  before  the  cali- 
brated slit  can  be  maintained  uniform  for  such  a  period,  the  con- 
ditions of  the  problem  are  met.  The  only  sources  giving  sufifi- 
cient  constancy  have  been  found  to  be  incandescent  filaments 
maintained  and  regulated  by  electric  currents.  Filaments  of 
carbon  give  approximately  the  same  curve  over  considerable 
variations  in  voltage  for  slit-widths  of  i  mm  or  less.  These  are 
usually  placed  in  frosted  globes  (preferably  in  close  spirals  and 
near  the  glass).  To  obtain  areas  of  uniform  intensities  addi- 
tional ground  glass  plates  are  used  when  necessary.  Under 
favorable  conditions  the  instrument  has  given  for  the  mean 
colors  of  the  spectrum  a  variation  of  only  0.5  per  cent,  from  a 
mean  of  ten  settings,  or  a  mean  error  of  0.25  per  cent,  for  one 
setting.  Obvious  applications  of  the  optical  principle  in  this 
instrument  may  be  made  to  other  instruments  of  comparison, 
such  as  those   for  comparing  mixtures  of  spectral  elements. 

Instead  of  using  the  slit  as  above  outlined,  incandescent  line 
filaments  at  the  focus  may  be  used  directly  instead.  These  may 
be  vertical,  and  the  intensities  determined  for  the  different  col- 
ors by  previous  comparison  and  "optical"  calibrations  of  the 
rheostats  in  series  with  the  filaments.  Much  greater  intensity 
can  be  obtained  in  this  way,  and  a  perfectly  uniform  field  is 
assured.  For  measurements  of  high  absorption,  this  method 
may  be  utilized  if  the  absorbing  system  can  be  interposed 
between  the  objective  and  the  line  radiant  at  the  focus  of  the 
objective  without  disturbing  the  optical  definition. 

Good  results  have  also  been  obtained  by  cutting  down  the 
height  of  the  ocular  slit  and  placing  the  filament  horizontal  and 
close  to  the  collimator  slit.  By  varying  the  resistance  of  the 
circuit,  a  match  is  obtained  without  using  the  readings  of  the 
screw.  In  these  systems  the  errors  to  which  the  slit  is  subject 
are  entirely  avoided.  The  horizontal  filament  may  also  be  main- 
tained at  a  constant  voltage  and  readings  made  with  the  slit. 
In  this  way  a  uniform  field  of  high  intensity  is  obtained,  since 
when  the  globe  is   placed  at    a    distance,  the  slit  acts  like  a  lens 
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to  form  an  image  of  the  filament  vvilliin  the  comi)ouiul  ])rism  or 
viewing  screen  which  tlie  eye  sees  directly,  and  any  lack  of  uni- 
formity becomes  evident,  so  that  additional  ground  glass  plates 
are  required,  thus  materially  reducing  the  intensity. 

For  measurements  where  a  standard  of  comparison  is  desired 
an  incandescent  platinum  wire  is  to  be  occasionally  substituted 
for  one  of  the  slits  (or  filaments)  and  checked  up  with  the 
standardized  slit  and  its  radiant  (or  standardized  filament).  The 
platinum  wire  is  to  be  of  a  definite  section  and  its  temj)erature  is 
to  be  determined  after  the  manner  of  the  Reichsanstalt  platinum 
photometric  standard  by  making  the  ratio  of  the  direct  radia- 
tions to  those  transmitted  by  a  quartz  cell  of  water  i  cm  thick 
some  chosen  value,  for  instance  ten. 
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CALIBRATION    OF    THE  SLIT  IN   SPFXTRAL    PHOTO- 
METRIC MEASUREMENTS. 

By  E.   V.  C  AP  PS.' 

The  advantage  of  the  slit  in  spectrophotometric  measure- 
ments is  the  great  rapidity  with  which  observations  can  be  taken, 
but,  for  its  use,  it  becomes  necessary  to  obtain  reliable  calibra- 
tion. 

The  contents  of  this  paper  are  the  results  of  preliminary 
experiments  which  were  made  in  connection  with  the  study  of 
absorption  of  light  in  acjueous  solutions. 

The  intensity  of  the  light  at  a  given  point  in  a  sjjectrum 
formed  from  a  slit  of  finite  width,  is  the  resultant  of  all  the  wave- 
lengths lying  in  a  given  space  of  a  pure  spectrum,  so  that  it  is 
determined  by  the  width  of  the  slit.  By  increasing  the  slit- 
width,  light  of  greater  or  less  wave-lengths,  depending  upon  the 
direction  of  motion,  is  superimposed  upon  the  original  amount, 
and  thus  the  increase  of  intensity  will  depend  upon  the  ratio  of 
the  mean  intensity  of  the  wave-lengths  added,  to  the  mean 
intensity  of  the  original  wave-lengths. 

The  curve  of  luminosity  of  the  spectrum  is  approximately 
represented  in  Fig.  i,  the  exact  form  depending  upon  the  source 
of  light. 

It  has^^been  shown  by  D.  W.  Murphy  (this  Journal,  6,  i  )  by 
deduction  from  the  energy  curve  of  the  spectrum  and  by  experi- 
ment, that  the  intensity  of  the  light  which  is  received  by  the  eye 
does  not  vary  directly  with  the  width  of  the  slit.  It  follows, 
therefore,  that  with  an  unilateral  slit  the  intensity  would  con- 
form to  the  direct  ratio  law  only  where  the  curve  is  parallel  to 
the  axis.  With  a  bilateral  slit  the  direct  ratio  would  hold  at  all 
points  where  the  curve  is  a  straight  line,  as  the  points  a,  c,  d,  and 
f.  It  also  follows  from  the  curve  of  luminosity  that  where  the 
curve  is  convex  to  the  axis  as   at  ab  and  ef,  the  intensity  of   the 
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lit^ht    inciceiSL-s  in  a  greater   ratio  than  tlie   width  ot    the  slit,  tlic 
reverse  being  true  for  the  concave  ])orti()n  /;,  c. 

The  experiments  of  Murphy  were  perforn;ed  with  a  Lummer- 
Hrodhun  spectrophotometer.  A  revolving  sector  was  used  to 
weaken  the  light  from  one  source.  The  sector  was  set  to 
decrease  the  intensity  of  the  light  to  one  half  of  the  original 
amount,  and  this  was  compared  with  the  ratio  of  the  correspond- 
ing slit  readings.  The  results  obtained  show  a  variation  from 
the   direct   ratio  of   2  per  cent,  from   the   middle   portion  of   the 


Fig.  I. 

spectrum  and  nearly  lo  ])er  cent,  for  the  red  end.  They  also 
show  that  the  intensity  increases  faster  for  the  convex  portions 
than  the  width  of  the  slit,  and  slower  for  the  concave  portions, 
thus  confirming  the  deductions  from  the  luminosity  curve.  The 
present  experiments  were  performed  with  a  spectrophotometer 
designed  and  described  by  Professor  Brace.' 

The  plan  of  the  instrument  is  similar  to  the  one  employed  by 
Professor  Brace. ^  Two  collimators,  and  fitted  with  bilateral 
slits,  and  graduated  to  hundredths  of  a  millimeter,  are  mounted 
upon  a  circular  base.  Opposite  to  these,  and  fitted  with  a  circu- 
lar scale  is  the  telescope.  By  means  of  a  microscope  it  is  pos- 
sible to  read  its  angular  position  to  ten  seconds.  At  the  eve 
end  there  is  an  adjustable  slit  which  limits  the  vision  to  a  particu- 
lar portion  of  the  spectrum.  When  used  as  a  sj)ectrometer,  the 
evepiece  is  attached  and  the  slit  takes  the  place  of  the  cross 
•  hairs.  The  prism  consists  of  two  right  angle  jjrisms  which  form, 
when  clamped  together,  an  equilateral  triangle. 

'  See  p.  6.  *.See  p.  ii,  Fig.  2. 
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The  space  between  is  filled  with  some  li(|uid  whose  refractive 
index  is  the  same  as  that  of  the  glass.  At  the  middle  of  one 
of  the  internal  surfaces  and  parallel  to  the  base  there  is  deposited 
a  strij)  of  silver  5  mm  wide. 

The  prism  when  in  position  is  set  for  minimum  deviation. 
The  light  from  one  source  passes  through  the  collimator  and  is 
refracted  by  the  prism  into  the  telescope.  The  light  from  the 
second  source  passes  into  the  prism  until  it  meets  the  silver  sur- 
face, where  it  is  reflected  into  the  telescoj)e  with'light  from  the 
first  slit.  By  adjusting  the  angular  position  of  the  second  slit, 
the  spectra  from  the  two  sources  are  made  to  coincide,  line  with 
line.  A  cap  with  a  circular  opening  is  fitted  over  the  objective  of 
the  telescope,  and  upon  viewing  the  field  through  the  eye-slit 
there  is  seen  a  circular  patch  of  light,  crossed  by  a  band  of  the 
same  color.  The  setting  is  made  by  varying  the  width  of  the  slit 
until  the  band  \'anishes. 

The  greatest  difficulty  encountered  was  to  obtain  a  constant 
source  of  light,  that  at  the  same  time  would  give  great  intensity 
and  uniformity.  The  ordinary  incandescent  lamp,  operated  on  a 
storage  battery  circuit,  fulfilled  the  first  condition,  but  in  order 
to  satisfy  the  third,  it  was  necessary  to  place  the  lamp  at  least 
25cm  behind  aground-glass  screen,  thus  greatly  reducing  the 
intensitv  of  the  light.  The  spectrophotometer  was  originally 
set  up  with  a  crown-glass  j^rism,  using  the  above  described 
source  of  light.  This  was  satisfactory  with  the  exception  that 
measurements  could  not  be  made  in  the  extreme  violet  with  the 
absorbing  liquid  before  the  slit.  It  was  also  observed  in  study- 
ing the  absorption  of  solutions  that  the  spectrum  was  not  suffi- 
ciently pure  to  obtain  a  match  with  respect  to  color,  if  the 
absorption  exceeded  25  per  cent.  To  overcome  this  difficulty,  a 
flint-glass  prism  was  substituted  for  the  crown,  and  this  neces- 
sitated an  increase  of  intensity  of  the  source  of  light  to  at  least 
fiftv  times.  After  many  unsuccessful  attemjjts  the  author  suc- 
ceeded in  constructing  an  incandescent  lamp,  having  a  flat  fila- 
ment 12  mm  wide.  This  could  be  placed  as  far  as  12  cm  from 
the    slit    and    still   cover  the   field.      When   viewed   directly   the 
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intensity  was  nearly   one   luinclred  times  as  great  as  it  was  pos- 
sible to  obtain  by  the  old  method. 

The  many  difficulties  of  observation  were  entirely  removed 
by  the  adoption  of  the  flint-glass  prism  and  these  special  lamps, 
as  sources  of  light.  The  dispersion  of  curves  of  the  crown  and 
flint-glass  prisms  are  shown  in  P'ig.  2. 
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Fig.  2. 
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The  method  of  makino-  the  calibration  consisted  in  the  use  of 
a  revolvino-  disk  notched  at  the  peripliery,  as  shown  in  Fig.  3,  so 
that  the  intensity  of  the  light  is  decreased  one  eighth  of  the 
whole  for  each  notch.  It  was  made  of  Bristol  board,  and 
blackenetl  with  lampblack  and  shellac.  The  disk  was  fastened 
to  a  rotating  wheel  mounted  upon  a  sliding  base,  which  could  be 
pushed  along  by  a  thumbscrew,  the  driving  belt  being  made  of 
spiral  spring.  It  was  driven  with  a  small  electric  motor,  and 
could  be  run  at  a  high  speed  without 
vibration.  The  readings  were  taken  as 
follows  :  Ten  settings  were  made  with 
the  disk  at  rest.  Then  with  the  disk 
running,  ten  settings  were  taken  for  each 
successive  notch  in  front  of  the  slit,  fol- 
lowed by  ten  more  with  the  disk  at  rest. 
The  mean  value  of  the  first  and  last  ten 
was  taken  as  the  setting  for  lOO  per  cent, 
transmission,  and  the  ratio  of  the  set- 
tings for  each  notch  of  the  disk  to  this 
value,  was  taken  as  the  transmission  as 
shown  by  the  slit.     Readings  were  taken 

for  different  slit-widths  and  different  parts  of  the  spectrum. 
The  results  give  the  calibration  for  both  the  flint  and  crown-glass 
prisms,  subject  to  the  conditions  as  previously  explained. 

The  accuracy  with  which  the  settings  could  be  made  is 
shown  in  Table  I,  which  was  chosen  arbitrarily.  The  mean  prob- 
able errors  for  the  first  column  is  seven  tenths  of  i  per  cent., 
but  the  error  can  be  reduced  to  one  fourth  of  i  per  cent,  under 
favorable  conditions.  The  mean  values  of  the  first  and  last 
columns  only  vary  from  each  other  by  three  tenths  of  i  per 
cent.,  the  time  interval  between  the  two  observations  being 
thirty  minutes.  This  shows  how  nearly  the  lights  remain  con- 
stant during  the  time  interval  of  observation. 

The  results  for  the  crown-glass  prism  are  given  in  Table  II, 
and  the  curves  for  the  same  in  Figs.  4  and  5.  The  lines  headed 
"per  cent,  by  disk  "  are  the  transmissions  as  determined   by  the 


Fig.  3. 
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notches  of  the  ilisk.  Tlic  lines  headed  "  |)er  cent.  b\-  slit  "  are 
the  transmissions  as  found  l)v  the  ratio  of  the  slit  reading's.  The 
curves  show  that  for  the  red  and  blue  |)arts  of  the  spectrum,  the 
intensity  increases  faster  than  the  width  of  the  slit,  while  the 
reverse    is    true    for    the    yellow.        This    exactly    confirms    the 


\ 


35T 

f57* 


-:--')j'M!Ulu  "IM'IIU •■ 


Fig.  4. 


CAIJHRATION  OF  SI./ J' 


31 


deductions  made  from  the  curve  of  luminosity.  The  effect  of 
increasing  the  width  of  the  slit  is  to  increase  the  variation  for 
all  parts  of  the  spectrum.  The  variati(jn  m  the  red  f(jr  a  2  mm 
slit  is  seen  to  be  very  great. 
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TABLE  I. 

CALIBRATION    OF    SLIT. 

Slit  0.5  mm.     Wave-lenjfth  0.7000  m- 


'i 

5ero 

n.S 

*5 

37.5 

50 

62.  s 

75 

37.5            Zero 

456 

.026 

092 

151 

.228 

•275 

350 

400 

451 

<!, 

462 

.028 

099 

160 

.226 

.286 

350 

403 

45« 

c 

457 

.028 

091 

162 

.228 

.278 

345 

404 

457 

ti 

459 

.029 

096 

152 

.220 

.280 

350 

402 

457 

t/} 

461 

.030 

098 

153 

.226 

.280 

353 

409 

465 

456 

.029 

093 

153 

.228 

■  -•  M 

350 

400 

457 

452 

.029 

093 

152 

.229 

.278 

340 

403 

450 

455 

.030 

095 

152 

.222 

.280 

355 

409    j 

451 

460 

.031 

093 

155 

.225 

.276 

340 

404 

462 

459 

.027 

096 

ibi 

.229 

.276 

342 

405 

456 

Mean       .^ 

1577 

.0287        .( 

5947 

[556 

.2261 

.2792 

5475       4039      ■' 

1564 

TABLE  III.     (Wave-lenjfth  0.7000  n.) 


TABLE  IL 

(Calibration  for 

0.5  mm 

slit.) 

Per   cent. 

Wave 

by  disk 

12.5 

25 

37-S 

5° 

62.5 

75 

87.S 
88.6 

ICXJ 

length 

14.5 

29. 1 

42.0 

55-6 

66.7 

78.7 

100 

7000 

14.2 

25-5 

38.5 

50.2 

63.1 

76.0 

87-5 

100 

6500 

^ 

12.6 

25.7 

37-3 

49-4 

61.9 

73-9 

86.3 

100 

6000 

■n 

13-4 

25.8 

38.2 

50.6 

62.7 

76.2 

88.1 

100 

5500 

13-7 

26.7 

40.5 

52.9 

65-4 

76.92 

88.5 

100 

5000 

tn 

14.2 

27.0 

37-2 

45-3 

61 .0 

70.2 

80.7 

100 

4500 

ID 
0 

Slit 

2  mm   V 

vide. 

O, 

33-9 

51-7 

63.8 

74-7 

81.4 

88.1 

93-3 

100 

7000 

8.7 

20.2 

30.2 

40.2 

50.4 

63.6 

77.8 

100 

5800 

14.4 

28.2 

42.4 

55-4 

67.4 

79.2 

90.2 

100 

5200 

Slit  0.5  mm. 

Per  cent,  by  disk 
Per  cent,  by  slit'. 

Slit  I  mm. 

Per  cent,  by  disk 
Per  cent,  by  slit  . 


Slit  1.5  mm. 

Per  cent,  bv  disk |    12 . 5 

Per  cent,  by  slit ]   16. i 

Slit  2  mm. 

Per  cent,  by  disk  . . 
Per  cent,  bv  slit  .  . , 


12.5 
138 

25 
27.1 

37-5 
39-3 

50 

53-5 

62.5 
64.4 

75 
77-9 

87.5 
89.3 

12.5 
14.9 

25 
28.8 

37-5 
42.5 

50 
55-3 

62.5 
68.6 

75 
78.1 

87-5 
90.4 

12.5 
16.8 

25 

31-9 

37-5 
45-4 

50 
58.4 

62.5 
69.9 

75 
81. 1 

*<7.5 
90.4 

12.5 
19.2 

25 
36.2 

37-5 
50.8 

50 
63-5 

62.5 
74-7 

75 
82.7 

87.5 
90-5 

100 

100 


100 
100 


100 
100 


100 
100 
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Slit  0.5  mm. 

Per  cent,  bv  di.sk 
Per  cent,  by  slit  . 

Slit  I  mm. 

Per  cent,  by  disk 
Per  cent,  by  slit  . 

Slit  1.5  mm. 

Per  cent,  bv  disk 
Per  cent,  by  slit  . 

Slit  2  mm. 

Per  cent,  by  disk 
Per  cent,  bv  slit  . 


12.5 
14.2 

25 
27.4 

37-5 
38-9 

50 
50.8 

62.5 
64.7 

75 
79.0 

87-5 
90.8 

12.5 

13-7 

25 
26.4 

37.5 
38-8 

50 
51-3 

62.5 
64.5 

75 
76.4 

87.5 
88.4 

12.5 
13-9 

25 
27.8 

37-5 
40.7 

50 

54-5 

62.5 
66.4 

75 
78.8 

87.5 
91 .0 

12.5 
143 

25 
27.7 

37-5 
41-5 

50 
57-1 

62.5 
66.9 

75 
79-9 

87.5 
89.0 

100 

100 


100 
100 


100 
100 


100 
100 


TABLE  V.     (Wave-length  0.6000  M.) 


Slit  0.5  mm. 

Per  cent,  by  disk 
Per  cent,  by  slit  . 

Slit  I  mm. 

Per  cent,  by  disk 
Per  cent,  by  slit  . 

Slit  1.5  mm. 

Per  cent,  by  disk 
Per  cent,  by  slit  . 

Slit  2  mm. 

Per  cent,  by  disk 
Per  cent,  by  slit  . 


12.5 
13.8 

25 

26.2 

37-5 
38.4 

50 
50.4 

62.5 
62.6 

75 
74-5 

87.5 
86.5 

12.5 
131 

25 

25-5 

37-5 
37-3 

50 
49.9 

62.5 
62.0 

75 
74.0 

87.5 
86.4 

12.5 
12.5 

25 
25.0 

37-5 
36-9 

50 
49-3 

62.5 
61 .0 

75 
74-9 

87.5 
86.9 

12.5 
12.3 

25 
23.1 

37-5 
35-9 

50 

47-5 

62.5 
59-9 

75 
72.6 

87.5 
86.1 

100 

100 


100 
100 


100 
100 


100 
100 


TABLE  VL     (Wave-length  0.5500 M.) 


Slit  0.5  mm. 

Per  cent,  by  disk 
Per  cent,  by  slit  . 

Slit  I  mm. 

Per  cent,  bv  disk 
Per  cent,  by  slit  . 

Slit  1.5  mm. 

Per  cent,  bv  disk 
Per  cent,  by  slit  . 

Slit  2  mm. 

Per  cent,  bv  disk 
Per  cent,  bv  slit  , 


12.5 
13.2 

25 
26.2 

37-5 
38.2 

50 
50.9 

62.5 
63.0 

75 
75-5 

87.5 
87.6 

12.5 
13.6 

25 
26.3 

37-5 
39- 1 

50 
51-8 

62.5 
63-5 

75 
75-8 

87-5 
87.8 

12.5 
13.6 

25 
26.4 

37-5 
38-9 

50 
52.1 

62.5 
63.8 

75 
76.3 

87-5 
87.9 

12.5 

13-9 

25 
26.5 

37-5 
39-2 

50 
52.3 

62.5 
64.1 

75 
77.1 

87.5 
88.5 

100 
100 


100 
100 


100 
100 


100 
100 
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Slit  0.5  mm. 

Per  cent,  by  disk 
Per  cent,  by  slit  . 

Slit  I  mm. 

Per  cent,  by  disk 
Per  cent,  by  slit  . 

Slit  1.5mm. 

Per  cent,  by  disk 
Per  cent,  by  slit  . 


Slit  2  mm. 

Per  cent,  by  disk 
Per  cent,  by  slit  . 


12.5 
132 

25 
26.1 

37-5 
.38.5 

50 
50.9 

62.5 
62.7 

75 
74-8 

87. 5 
87.0 

12.5 
14.7 

25 
27.8 

37-5 
40.4 

50 
53-9 

62.5 
655 

75 
77.0 

87-5 
88.8 

12.5 

14.6 

25 
29.0 

37-5 
43- 1 

50 

55-7 

62.5 
67.7 

75 
79.2 

87-5 
89.8 

12.5 

15-7 

25 
311 

37-5 
45.0 

50 
57-6 

62.5 
70.5 

75 
81.0 

87.5 
91-5 

100 

100 


100 
100 


100 
100 


100 
100 


TABLE  VIII.     (Wave-length  0.4500M.) 


Slit  0.5  mni. 

Per  cent.  Dy  disk 
Per  cent,  by  slit  . 

Slit  I  mm. 

Percent,  by  disk 
Per  cent,  by  slit  . 


Slit  1.5  mm. 

Per  cent,  by  disk 
Per  cent,  by  slit  . 

Slit  2  mm. 

Per  cent,  by  disk 
Per  cent,  by  slit  . 


12.5 
14.8 


12.5 
14.6 


12.5 
14.8 


12.5 
14.5 


25 
27.2 


25 
26.5 


25 
28.1 


25 
27.7 


37-5 
38.7 


37-5 
38.9 


37-5 
41.4 


37-5 
41. 1 


50 
49.1 

62.5 
61.3 

75 
73-4 

87.5 
87.1 

50 
50.7 

62.5 
62.3 

75 
74-7 

87-5 
86.5 

50 

53-4 

62.5 
64.7 

75 
77-9 

87.5 
89.4 

50 
52.2 

62.5 
66.2 

75 
77-9 

87-5 
89.4 

100 

100 


100 
100 


100 
100 


100 
100 


The  results  for  the  flint-glass  prism  are  given  in  Tables  III  to 
VIII  inclusive,  the  corresponding  curv^es  are  plotted  in  Figs.  6  to 
II.  The  general  character  of  the  results  are  the  same  as  was 
obtained  for  the  crown-glass  prism  with  the  exception  that  the 
variation  is  not  nearly  so  large  for  the  same  slit-width  and  wave- 
length. The  curves  for  the  vellow  and  the  violet,  with  a  slit- 
width  of  0.5  mm,  cross  the  direct  ratio  line  near  its  middle  point. 
This  may  possibly  be  due  to  slight  internal  reflection,  as  nothing 
of  this  nature  could  be  detected  in  the  case  of  the  crown  glass. 
To  test  the  relative  constancy  of  the  sources,  one  was  dimmed 
by  cutting  down  the  current  until  the  intensity  was  only  one  half 
of  the  other.  The  slit  was  then  calibrated  for  the  50  per  cent, 
notch,  and  the  results  were  the  same  as  previously  obtained  when 
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Fig.  10. 


^ 


IF »■■■■••;■» <r 


t 


f 
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both  sources  were  of  nearly  the  same  intensity.  When  one  lamp 
was  replaced  by  a  new  one  no  change  was  produced  in  the  cali- 
bration values. 

The  results  ma)-  be  summed  up  as  follows: 

1.  The  direct  ratio  law  holds  for  only  two  {--"oints  in  the  spec- 
trum, corresponding'  apj)roximately  to  wave-lengths  620 /x /a  and 
570 /i/x. 

2.  The  variation  is  greatest  in  the  red  and  blue  parts  of  the 
spectrum  in  the  order  named,  and  least  and  of  opposite  sign  in. 
the  yellow. 

3.  It  increases  as  the  slit  increases  in  width, 

4.  It  decreases  as  the  refractive  power  is  increased. 

5.  It  is  practically  independent  of  the  relation  of  the  two 
sources  when  they  do  not  differ  by  more  than  50  per  cent. 

6.  The  calibration  curves  are  sufificiently  reliable  to  be  used 
to  correct  readings  when  the  slit  method  is  adopted  for  making 
photometric  measurements. 

In  conclusion  the  author  desires  to  thank  Professors  Brace 
and  Moore  for  valuable  suggestions  that  enabled  him  to  carry  out 
this  work. 

Physical  Laboratory, 

University  of  Nebraska, 
December  1899. 


ox  THK  ESCAPE  OE  GASES  FROM  PLANETARY 
ATMOSPHERES  ACCORDING  TO  THE  KINETIC 
THEORY. 

By  S.  R.  Cook. 

The  conditions  for  the  existence  of  atmospheres  on  the 
planets,  including  the  escape  or  retention  of  the  lighter  gases  as 
hydrogen  and  helium  b\-  the  Earth,  are  problems  which  have 
been  recently  discussed  in  a  memoir  b\-  Dr.  G.  Johnstone 
Stoney.' 

In  these  discussions  Dr.  Stoney  has  omitted  the  determina- 
tion by  the  Kinetic  Theory  of  the  relative  number  of  molecules 
which  would  have  a  velocity  sufficient  to  enable  them  to  escaj)e 
from  the  Earth  or  planet,  providing  there  be  no  retarding  media. 
This  velocity  will  be  termed  the  critical  velocity. 

The  purpose  of  the  present  paper  is  to  apply  Maxwell's  dis- 
tribution of  velocities  to  the  subject. 

In  order  that  any  molecule  may  escape  from  the  atmosphere 
of  any  member  of  the  solar  system,  it  must  have  a  normal 
velocity  equal  to  or  greater  than  the  velocity  it  would  acquire  in 
falling  from  infinity  to  its  present  position  ;  and  it  must  be  so 
situated  in  the  atmosphere  that  it  will  not  be  hindered  by  any 
impact  while  going  from  its  present  position  to  infinity.'' 

Since  the  mutual  relations  as  to  temperature,  pressure,  and 
density  have  not  been  sufficiently  accurately  determined  for  the 
limit  of  the  P^arth's  atmosphere  to  allow  satisfactory  computa- 
tions to  be  based  on  them,  I  shall  compute  the  number  of 
molecules  that,  with  a  critical  velocity,  will  pass  through  the 
outer  surface  of  a  spherical  shell  surrounding  the  Earth  and 
whose  thickness  is  r\,  where  X  is  the  mean  free  path  of  all  the 
molecules  in  this  layer,  and  r\  that  of  all  those  escaping.  This 
will   be  the  number  of  molecules  that  will   leave  the  atmosphere 

'This  JoURN.\l,.  7,  25,  January  1898,  Royal  Dublin  Soc,  Vol.  VI,  Part  13. 
'  It   must   be  borne   in   mind   that   molecules  may  be  moving  in  a  medium  which 
•exerts  a  retarding  influence. 
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under  the  assumption  tint  this  spherical  shell  is  the  outside 
limit  of  the  atmosphere  and  that  the  tem|)erature  and  density  of 
the  shell  are  constant. 

For  the  Earth  the  number  will  be  C(jmputed  under  the  fol- 
lowiiiLi,'  conditions  : 

1.  For  a  spherical  shell  at  the  Earth's  surface  at  a  mean 
temperature  of  5°  C. 

2.  For  a  spherical  shell  200 kiu  from  the  Earth's  surface  at  a 
temj)crature  of  -66"^  C. 

3.  For  a  spherical  shell  20  km  from  the  Earth's  surface  at  a 
temperature  of  -66°  C. 

4.  For  a  spherical  shell  50  km  from  the  Earth's  surface  at  a 
temperature  of  -180    C. 

The  conditions  specitied  in  (  i )  are  obviously  the  most  favor- 
able for  the  escape  of  the  molecules  under  the  assumption  that 
the  spherical  shell  is  the  outside  limit  of  the  atmosphere.  The 
conditions  specified  in  (2)  are  those  assumed  in  the  memoir  by 
Dr.  Stoney."  The  conditions  sj)ecified  in  (3)  are  the  results  of 
recent  experimental  data  from  balloon  ascensions  at  Paris  and 
Berlin,  kindly  furnished  me  by  Professor  Cleveland  Abbe. 
Those  specified  in  (4)  are  based  on  results  obtained  from  theo- 
retical considerations  by  Ferrel.^ 

The  number  of  molecules  having  a  vclocit\'  between  c  and 
c  -\-  d  c  is 

d  N^  =  ^ — ^     •     ^     ■    t—-dc. 
C  ]/  -K  c  c 

Where  c  is  any  velocity,  ?  is  the  mean  velocity,  and   A^  the 

number  of  molecules. 

The  number  of  molecules  having  a  velocity  of  r^  or  greater  for 


where 


and 


\  2X  4  X^  8  A-5  ID  X^  J 


2  r 

1  '^ 


^  Loc.  cit.,  p.  I.  •Ferrei.,  Recent  Advances,  p.  37. 
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For  all  calculation  made  for  the  hearth's  atmosphere  r  is  greater 
than  5,  so  that  K  becomes  a  rapidly  converging  series.  The 
value  of  the  series  after  the  third  term  being  less  than  0.  i  per  cent. 

If  .V  is  the  number  of  molecules  in  the  limiting  spherical 
shell  of  thickness  rX,  and  if  r2  —  l\  is  the  critical  velocity,  then 
A^ATvvill  be  the  number  of  molecules  having  a  velocity  ecjual  to 
or  greater  than  i\. 

If  //'  is  the  number  of  molecules  in  unit  volume  and  R^  the 
radius  of  the  spherical  shell  of  thickness  r\, 

Since  the  critical  velocity  c^  is  equally  probable  in  all  direc- 
tions, in  order  to  find  the  number  of  molecules  that  will  pass 
through  the  outer  surface  of  the  spherical  shell  with  a  velocity 
r,  or  greater,  we  determine  ?, ,  the  mean  velocity  of  the  mole- 
cules having  a  velocity  between  c^  and  infinity.  Smce  any 
molecule,  whose  component  velocity  normal  to  the  shell  is 
fj  =  r,  cos^,  will  escape,  the  proportion  of  those  that  will 
escape  during  time  4  will  be  (^  :  4  tt,  /  being  the  time  of  the 
mean  free  path  r\  of  these  molecules,  and  ^  being  the  solid 
angle  of  aperture  20.  Hence,  to  the  first  order  of  ajjproxima- 
tion,  the  number  of  molecules  that  will  escape  in  time  /,  will    be 

N^^^2iT  R{  rXK  n^  {\ — cos  ^)  (5) 

The  number  that  will  escape  in  any  other  time  T  \\\\\  be 

T 

N^=2iTK:r\Kn'  {\-co%ff)    .     -  (6) 

This  formula  gives  a  maximum  limit  to  the  number  of 
molecules  that  will  pass  outward  from  the  limiting  shell  with  a 
normal  velocity  equal  to  or  greater  than   the  critical  velocity  l\. 

The  quantities  on  the  right  hand  side  of  equation  6  can  all 
be  determined  from  the  Kinetic  Theory,  except  the  critical 
velocity  which  can  be  obtained  from  the  formula 

^— ^^^ 
where  a  is  the  total  acceleration,  R  is  the  radius  of  the  Earth,  and 
Ri  is  the  distance  from  the  center  of  the  Earth  to  the  molecule. 
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Since  N.^  is  a  linear  function  of  //',  r,,  '//,,  -A',  A*,^  and 
(l  —  cos^),  the  relative  variation  in  A^  produced  by  these 
factors  can  readily  be  determined.  The  value  of  //'  as  deter- 
mined by  different  observers  varies  from  6  X  lO'^  to  lo  X  lo'^, 
the  latter  value  being  used  in  the  calculation.  Similarly  /".  and 
\  will  have  a  corresponding  range  of  variation.  The  variation 
of  R^  arising  from  the  different  assumed   heights  of  the  limiting 

shell  are  contained  in  the  tabulated   results.     Since   ^  =  cos"  -' . 

The  variation    in    (i— cos^)     will   depend    upon    the    variation 

in  - ,   which,    from    inspection    of    the    curve    of  distribution    of 

velocities   beyond   the  critical  velocity,  makes  :r^ ,  approximately 

a  constant  ratio.  However,  the  greatest  value  consistent  with 
the  problem  was  selected  for  Tj  ,  making  the  value  of  ( i  —  cos  ^) 
a  maximum. 

Since  (To  =  -.c  and   '^  — '^o  *  ,  where  ?„  is   zero   temi)era- 

3    \>  \273  ' 

ture,  any  variation  in  ?  will  depend  on  the  variation  in  the  pres- 
sure, /,  the  density,  /a,  and  the  absolute  temperature,  T,  for 
which  ?  is  computed,  p  and  p  are  very  accurately  determined 
quantities.  The  absolute  temperature  T  was  selected  for  each 
assumed  spherical  shell,  such  that  c  would  be  a  maximum  value,' 

D2 

c^  —  2a-—,  where  a  was  taken  as  981.5   cm,  R  as   6378  km,  and 

^i  varied   from   6378   to   6578  km,   depending  on   the   height   of 

the  s[)herical   shell.      Since  r  =  ^,   the  variation  in  71^,  produced 

directly  by  r  will  be  small  ;  but  as  r  enters  into  K  as  an  inverse 
exponent  of  the  second  degree,  as  a  factor,  and  in  the  term  used 
to  the  fifth  degree,  any  slight  variation  in  r  will  produce  a  very 
great  variation  in  the  value  of  K,  and  as  the  value  of  r  has  been 

'The  following  table  gives  some  of  the  results  of  recent  balloon  ascensions  : 
November  14,  1896,  height,  15,000  meters;  temperature, — 60°  C.     Paris. 
December    4,  1894,        "       10,000        "  "  — 52°  C.     Berlin. 

October      20.  1895,        "        15,000        "  "  — 70°  C.     Paris. 

March         29,  1896,        "       14,000        "  "  — 63°  C.     Paris. 
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determined  in  each  case  by  the  selection  of  the  value  of  the 
absolute  temperature  and  the  distance  of  the  spherical  shell  from 
the  Earth,  the  value  of  K  will  depend  upon  iheir  selected  values. 
I  have  at  all  times  selected  such  values  of  these  factors  as  were 
consistent  with  a  special  problem  and  which  would  make  N^  a 
maximum. 

In  the  following  table,  column  one  gives  the  conditions  speci- 
fied on  page  2  ;  the  second  column  the  critical  velocity  in  kilo- 
meters per  second  ;  the  third  column  the  ratio  of  the  critical 
velocity  to  the  mean  velocity  ;  the  fourth  column  the  number  of 
molecules  that  will  escape  during  the  time  of  the  mean  free 
path  ;  the  fifth  column  the  number  of  cubic  centimeters  of  the 
gas  that  will  escape  in  one  year;  and  the  sixth  column  gives  the 
number  of  cubic  centimeters  that  will  escape  in  10'  years. 

The  results  which  Professor  Bigelow  obtained  bv  working 
over  the  data  of  all  balloon  ascensions  gives  in  general  a  fall  of 
65'  to  70°  for  16,000  meters.  I  have  taken  the  temperature 
—  66°  C.  at  a  height  of  20  km,  and  the  value  1841  m  sec.  for  Tq 
for  hydrogen. 

HYDROGEN. 


Condition 

tj 

r 

A^'a  In  cc 
T=\  year 

.V3  in  cc 
7"=  (10)'  years 

I 

2 

3 

4 

II . 
10.5 
10.98 
10.90 

5.92 

6-55 

6.85 

10.14 

80.24   (10)19 

45-15  (10)* 

72.61  (I0)» 
66.8    (10)-* 

33.04  (I0)» 

23.58(10)-- 

54.28(10)-* 

43-5    (io)-i5 

33.04  do)i« 

23-58 

54.28 (io)5 
43-5    do)-« 

HELIUM. 

I 

2 

3 

4 

II 

10.5 
10.98 
10.90 

8.37 
9.27 
9-78 
14-5 

19.8 

44.5   do)-i« 
50.15 (io)-i» 
19.27  (10)—"' 

10.34  (lo)-ii 

22.  10  do)— ^1 

26.73  do)-*» 

91.6     (loj-S'' 

10.34  do)—* 
22. 10  do)—** 
26.73  (10)— *» 

91.6  do)— *• 

The  results  here  given  were  computed  from  equation  (6). 
The  values  for  N^  are  computed  for  a  hydrogen  and  a  helium 
atmosphere,  and  they  represent  the  amount  that  would  escape 


ESCAPE  OF  GASES  FROM  AlMOSP/tERES  4  I 

from  an  atniosj^herc  of  hydrogen  or  helium  under  the  specified 
conditions  and  bounded  by  the  respective  sj)herical  shells. 

Condition  (4)  represents  most  nearly  the  conditions  of  the 
outer  limit  of  the  atmosphere;  43.5  (io)~^cc  of  hydrogen 
would  escape  from  a  hydrogen  atmos])here  thus  bounded  and 
conditioned  during  lo^  years,  and  9i.6(io)~"cc  of  helium 
would  escape  from  a  helium  atmosphere  in  the  same  time  simi- 
larly conditioned.  Since  under  these  conditions  a  very  small 
fraction  of  i  cc  of  hydrogen  would  escape  from  a  hydrogen 
atmosphere  in  lo^  years,  it  is  evident  that  the  amount  which  is 
actually  escaping  from  the  Earth's  atmosphere,  if  any,  is  insig- 
nificant.    The  amount  of  helium  escaping  would  be  zero. 

There  are  approximately  lO'-'cc  of  air  in  the  atmosphere, 
and  under  the  most  favorable  condition  less  than  io'°cc  of 
hydrogen  would  escape  from  an  atmosphere  of  hydrogen  whose 
outer  layer  was  5°  C.  and  whose  density  was  the  density  of 
hydrogen  at  atmospheric  pressure,  in  one  year.  It  would  under 
these  conditions  take  lO'*  years  for  an  amount  of  hydrogen 
equal  to  the  Earth's  atmosphere  to  escape.  If  we  reduce  the 
value  of  r  from  5.92  to  5,  we  find  approximately  that  lO'^cc  of 
hydrogen  would  escape  per  year,  and  it  would  take  lO'  years 
for  an  amount  equal  to  the  atmosphere  to  escape  under  those 
conditions. 

I  shall  now  apply  the  results  obtained  for  an  atmosphere  of 
hydrogen  on  the  Earth  to  the  atmospheres  of  the  Moon  and 
planets.  I  shall  use  the  values  for  the  minimum  velocity  of 
escape  given  by  Dr.  Stoney,  as  they  will  be  sufficiently  accurate 
for  a  very  close  approximation. 

The  relation  between  the  molecular  velocities  and  the  abso- 
lute temperature  is 

c:    7;  ■ 

The  following  table  gives  the  value  of^the  temperature  of  the 
outer  layer  of  the  atmosphere  which  would  enable  an  atmosphere 
to  escape  at  the  same  rate  as  hydrogen  would  escape  from  an 
atmosphere  of  hydrogen  whose  outer  layer  is  conditioned   as   in 
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(  I  )  and  whose  critical  velocity  is  3<-,,  tlic  number  of  molecules 
in  the  atmosphere  being  the  same  as  in  the  Earth's  atmos[jhere, 
and  the  time  allowed  for  the  atmosphere  to  escape  being  lo^ 
years. 

TABLE    II. 


Hydrogen 

Air 

Carbondioxide 

f, 

<=t 

/ 

»■. 

t 

»-. 

/ 

r, 

Moon 

Mercury .... 

Venus 

Mars 

Earth 

2.380 
4.468 
9-546 
4-803 
10.5 

■476 
.8936 

1.909 
.960 

2. 100 

—256° 
— 209° 

20°. 5 
-195° 
291° 

1.24 

2.4 

5-185 

2.66 

5-7 

—  10° 

894 
5031 

"39 
9937 

4-7 

9-2 

19.27 

9-9 

21.7 

274' 
1 37 1 
7403 
1807 

14447 

6.6 
12.4 
26.5 

13-3 
29.17 

r,  is  the  critical  volocity  in  kilometers  per  second  ;  ~ct  is  the  mean  velocity  of  the 
molecule  in  km  sec.  ^=Ci/$ ;  t  is  the  temperature  of  the  outer  layer  of  the  atmos- 
phere in  centigrade  degrees,  and  r  is  the  ratio  of  the  critical  velocity  to  the  mean 
velocity. 

This  table  shows  that  on  the  Moon  an  atmosphere  of  hydro- 
gen would  escape  with  its  outer  layer  at  —256^  C.  ;  an  atmos- 
phere of  air  at  —  10°  C,  and  an  atmosphere  of  carbon  dioxide  at 
274""  C.  For  Mercury  the  outer  layer  would  necessarily  be 
—  209'  C,  894°  C,  and  1371  C.  for  hydrogen,  air,  and  carbon 
dioxide  respectively.  For  Venus  the  outer  limit  of  the  respective 
atmosphere  would  be  20.5°  C,  5051'^'  C,  and  7403°  C.  The 
temperature  of  the  outer  limit  of  the  Earth's  atmosphere,  in 
order  that  the  respective  atmospheres  would  escape,  would 
be,  for  hydrogen  291°  C,  for  air  9937""  C,  and  for  car- 
bon dioxide  14447°  C.  For  Mars  the  outer  limit  of  the 
respective  atmospheres  would  be  —195^  C,  1139"  C,  and 
1807^  C. 

In  order  to  draw  any  more  definite  conclusions  in  regard  to 
the  atmosphere  of  the  Moon  and  planets,  it  will  be  necessary  to 
know  the  temperature  of  the  planets  and  the  temperature  gradient 
of  their  atmosphere.  It  appears,  however,  from  the  above 
figures,  that  an  atmosphere  like  that  of  the  Earth  would  not 
remain  on  the  Moon,  but  would  remain  on  any  of  the  planets 
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mentioned.  The  Earth  and  the  major  planets  would  not  only 
retain  an  atmosphere  of  nitrogen  and  oxygen,  but  also  hydrogen 
and  helium. 

My  thanks  are  due  to  Professor  D.  B.  Brace  for  many  valu- 
able suggestions,  and  also  to  Professor  Cleveland  Abbe  for 
valuable  data  and  references. 

Physical  Laboratory, 

University  ok  Nehraska, 
Lincoln,  Neb. 


ON    A    HALANCIXG    RHEOSTAT    FOR    BOLOMETERS. 

By  P.  G,   N  u  T  T  I  N  G. 

Professor  F.  L.  O.  Wadsworth  some  time  ago  described  in 
this  Journal'  a  device  for  making  fine  bridge  adjustments  by 
means  of  a  double  contact  arrangement  for  one  of  the  battery 
terminals.  With  the  best  contacts  we  could  construct,  however, 
we  found  the  error  due  to  varying  contact  too  great  to  make  the 
arrangement  available  for  use  with  our  differential  bolometer 
in  the  determination  of  absorptive  indices.  We  finally  hit  upon 
the  device  of  connecting  both  galvanometer  terminals  by  vari- 
able contact  to  the  bridge  angles  instead  of  only  one  as  is  usu- 
ally done.  The  bridge  junction  at  one  galvanometer  terminal  is 
made  of  rather  fine  wire,  of  just  sufificient  resistance  to  overcome 
the  inequalities  of  the  bolometer  arms.  The  other  bridge  junc- 
tion at  the  remaining  galvanometer  terminal  is  made  of  large 
wire  of  very  low  resistance,  and  serves  for  the  delicate  final 
setting.  The  resistance  of  this  whole  wire  may  be  made  equal 
within  about  i  mm,  or  less,  to  that  at  the  opposite  terminal,  but 
for  rapid  work  it  is  conveniently  of  a  resistance  sufficient  to  bal- 
ance the  greatest  bolometric  variations  expected.  It  is  further 
convenient  to  choose  the  balancing  arms  of  such  diameter  that 
their  lengths  may  be  made  equal,  and  not  more  than  20  cm.  These 
are  stretched  side  by  side  on  an  ebonite  plate,  and  a  millimeter 
scale  inlaid  under  the  one  where  the  final  adjustment  is  made. 
The  galvanometer  terminal  makes  contact  with  this  wire  by 
means  of  a  sharpened  piece  of  No.  8  wire,  which  is  frequently 
repointed.  The  rough  adjustment  is  made  first,  and  that  ter- 
minal fastened  with  wax.  If  a  null  method  is  not  used,  it  is 
packed  and  enclosed  to  guard  against  temperature  waves,  leav- 
ing only  the  large,  low  resistance  wire  exposed  for  adjustments. 

For  the   most  delicate   bolometric  work    there    remain   only 

'This  Journal,  5,  268-276,  April  1897. 
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thermal  currents  and  variations  in  resistance  with  room  tem|)cra- 
ture  to  be  eliminated  in  the  balancint^  rheostat.  Working  with 
a  null  method,  we  make  all  external  connections  of  co|jpcr  wire, 
rheostat  included.  Junctions  are  made  close  fittini^  and  soldered. 
The  only  thermal  junctions  are  at  the  ends  of  the  platinum 
receiving  strips,  and  these  are  enclosed  within  the  bolometers 
themselves.  Changes  in  resistance  with  room  temperature  are  of 
no  consequence  when  a  null  method  is  used.  For  other  work, 
nickeline  or  manganin  is  used  for  one  rheostat  wire,  or  else  a 
temperature  correction  applied.  This  may  easily  be  done  to 
within  the  probable  error  due  to  other  causes. 

The  balancing  rheostat  used  here  in  connection  with  the 
double  bolometer  is  constructed  of  copper  wires  of  about  0.005 
and  0.0003  ohms,  each  10  cm  long.  The  adjustment  of  the  gal- 
vanometer terminal  can  be  made  to  within  ^^^  mm  ;  readings  of 
its  position  are  unnecessary  using  the  null  method.  ,\,  mm  on 
the  larger  wire  corresponds  to  0.0000003  ohm.  This  is  but 
0.000000015  of  the  resistance  of  the  bolometer  arms.  Calling 
the  temperature  coefificient  of  platinum  0.005  P^^  degree,  a  tem- 
perature change  of  0.000003^  in  the  bolometer  strips  can  be 
detected.  For  these  tests  a  commercial  d'Arsonval  galvanome- 
ter and  an  old  1.5  volt,  20  ohm  Leclanche  cell  were  used.  Our 
new,  specially  constructed,  light  suspension,  Paschen  galvanom- 
eter is  sensitive  to  a  current  of  less  than  i  X  I0~""  amperes. 
Using  only  ^  the  former  current,  and  a  larger  and  longer  rheostat 
wire,  the  sensitiveness  is  increased  about  one  hundred  times. 

Excellent  fjuantitative  work  mav  be  done  with  the  same 
arrangement.  A  simple  computation  will  show  that  in  the 
determination  of  a  small  percentage  variation  in  resistance,  the 
coefficient  is  certain  to  as  many  significant  figures  as  is  the 
resistance  itself.  For  example,  when  copper  wires  of  2.002  and 
2.006  ohms  resistance  were  surrounded  with  gasoline,  a  shift  of 
22.4  mm  in  the  rheostat  wire  was  necessary  to  restore  equi- 
librium. This  shift  corresponded  to  0.00000683  ohm,  or 
0.000167  of  I  per  cent,  change  in  resistance  for  each  wire. 
Changes   due  to  temperature  were  eliminated  by  stretching  the 
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four  very  nearlv  eijual  wires  forming'  the  bridge  arms  side  by 
side  in  a  heavy  brass  tube,  and  only  exposing  opposite  arms  to 
the  dielectric. 

By  a  somewhat  similar  method,  the  temperature  coefficient 
of  some  new  resistance  wire  sent  us  from  Germany  was  found  to 
be  —  0.00000271  per  degree. 

It  is  hoped  that  the  above  may  be  of  use  to  a  few  of  the 
many  investigators  now  using  bolometers  in  research. 

University  of  California, 
November  i8qq. 


SOLAR  ECLIPSE  PROBLEMS. 

By  G  E  o  R  c.  E  E.  Ha  l  e. 

Thk  writer,  as  secretary  of  the  Eclipse  Committee  of  the 
Astronomical  and  Astrophysical  Society  of  America,  has  received 
so  many  requests  for  suggestions  from  intending  observers  of 
the  coming  total  eclipse  that  it  has  seemed  advisable  to  bring 
together,  for  the  convenience  of  those  who  may  not  have  ready 
access  to  astrophysical  literature,  various  data  bearing  upon 
some  of  the  more  important  j)roblems  which  this  eclipse  may 
help  to  solve.  As  no  total  eclipse  of  the  Sun  has  been  visible  in 
the  United  States  since  i88q  it  may  be  exj^ected  that  many 
individuals  and  institutions  will  be  anxious  to  take  advantage  of 
the  present  opportunity.  Considered  merely  as  a  spectacle,  the 
eclipse  will  amply  repay  those  who  may  journey  far  to  see  it. 
But  if  the  maximum  scientific  return  is  to  be  derived  from  this 
rare  phenomenon,  every  intending  observer  must  familiarize  him- 
self with  the  results  obtained  at  previous  eclipses,  devote  much 
time  to  the  consideration  of  the  questions  still  demanding  solu- 
tion, and  give  particular  attention  to  the  design  of  the  apparatus 
required  for  the  work  selected.  It  fortunately  hapj)ens  that  valu- 
able scientific  results  can  be  obtained  with  simple  and  inexpen- 
sive instruments.  The  unsolved  problems,  too,  are  numerous 
and  varied,  offering  a  wide  field  for  choice,  and  appealing  to  the 
individual  tastes  of  many  observers.  It  is  only  necessary  to 
chose  intelligently,  basing  the  decision  upon  one's  previous 
experience  in  observational  w^ork  and  a  consideration  of  available 
instruments.  If  possible,  there  should  also  be  some  measure  of 
cooperation  between  different  parties,  and  here  the  Eclij)se  Com- 
mittee stands  ready  to  lend  its  aid. 

The  eclipse  will  occur  on  May  28,  1900,  between  8  a.  m. 
and  9  A.  M.  The  central  line  of  the  shadow  will  cross  the  states 
of  Virginia,  North   Carolina,  South   Carolina,  Georgia,  Alabama, 
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Mississippi,  and  Louisiana,  the  duration  of  totalit)-  decreas- 
ing from  r"  46^  on  the  Atlantic  seaboard  to  i'"  18^  near  New 
Orleans.  The  advantage  due  to  a  longer  duration  of  the  total 
phase  is  more  than  offset,  however,  by  the  much  greater  proba- 
bility of  cloudiness  at  points  near  the  ocean,  as  shown  by  the 
survey  of  cloud  conditions  recently  made  under  the  supervision 
of  the  United  States  Weather  Bureau.  From  these  observations 
it  appears  that  the  chances  of  fair  weather  are  best  on  the  high- 
land of  the  southern  portions  of  the  Appalachian  Mountains.'  It 
is  to  be  hoped,  however,  that  all  of  the  stations  will  not  be  con- 
fined to  this  region,  as  there  are  many  reasons  why  they  should 
be  distributed  all  along  the  line  of  totality. 

In  preparing  a  plan  of  ojjerations  it  is  first  necessary  to 
remember  that  the  eclipse  will  be  a  short  one,  even  for  those 
who  may  view  it  from  the  Atlantic  coast.  Other  things  being 
equal,  it  therefore  will  not  be  desirable  to  undertake  observa- 
tions which  cannot  be  successfully  completed  within  a  space  of 
little  more  than  a  minute.  Thus  it  would  hardly  be  advisable 
to  attempt  to  photograph  the  fainter  portions  of  the  spectrum  of 
the  corona  on  this  occasion,  and  it  is  exceedingly  doubtful 
whether  it  would  be  worth  while  to  repeat  the  hitherto  unsuccessful 
attempts  to  measure  spectroscopically  the  j)eriod  of  rotation  of 
the  corona.  Although  some  reference  to  such  experiments  may 
be  found  in  this  paper,  it  will  probably  be  best  to  reserve  these 
observations  for  the  Sumatra  eclipse,  when  totality  will  last  over 
six  minutes.  On  the  other  hand,  the  spectrum  of  the  reversing 
layer  can  be  photographed  next  May  to  good  advantage,  espe- 
cially, as  Mr.  Evershed  has  pointed  out,  at  stations  not  far 
removed  from  the  edges  of  the  shadow  path.  Many  other  phe- 
nomena can  be  advantageously  studied  during  the  total  phase, 
provided  the  observer  will  limit  himself  to  some  well-defined 
piece  of  work,  which  must  not  be  too  comprehensive  in  its 
scope. 

•See  Weather  Bureau  Bulletin,  y,n.  27.  In  addition  to  statistics  of  cloudiness, 
this  bulletin  contains  much  valuable  information  regarding  suitable  sites  for  stations, 
hotel  accommodations,  etc. 
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The  suggestions  offered  in  the  following  paragraphs  make 
no  pretensions  to  fullness  of  scope  or  adequacy  of  treatment. 
They  are  in  no  sense  intended  to  take  the  place  of  "  Instruc- 
tions" to  eclipse  observers,  and  it  is  not  supposed  that  they  will 
be  of  service  to  experienced  astrophysicists,  except  possibly  in 
recalling  certain  matters  which  are  sometimes  overlooked.  To 
amateurs  possessing  small  instruments,  and  to  others  who  have 
had  little  practical  experience  in  solar  work,  it  is  hoped  that 
they  may  be  of  some  value. 

I.     NAKED-EYE    DRAWINGS    OF    THE     COKONA. 

The  experience  of  previous  eclipses  has  shown  that  draw- 
ings of  the  corona  for  the  most  part  serve  no  useful  purj)ose, 
unless  it  be  to  illustrate  the  personal  peculiarities  of  the  drafts- 
man. At  the  present  time,  when  ever^'one  who  possesses  a  suit- 
able camera  may  secure  a  photograph  which  can  be  relied 
upon,  it  seems  quite  superfluous  to  devote  the  brief  time  of 
totality  to  sketching.  Naked-eye  observations  are  specially 
referred  to  here.  If  drawings  are  made  it  should  be  only  after 
long  and  faithful  drill,  and  the  more  limited  the  region  drawn 
the  better. 

2.  DRAWINGS  AT  THE  TELESCOPE. 

What  has  been  said  regarding  naked-eve  drawings  applies 
with  much  less  force  to  drawings  made  with  the  aid  of  a  tele- 
scope. According  to  the  testimony  of  the  best  observers  the 
most  successful  large-scale  photographs  hitherto  made  fail  to 
reveal  the  most  interesting  details  of  the  coronal  structure. 
These  details  can  be  seen  with  telescopes  of  from  three  to  six 
inches  aperture,  and  an  observer  practiced  in  rapid  sketching 
should  be  able  to  secure  a  valuable  record  if  he  confines  his 
attention  to  a  limited  region.  Concentration  of  this  kind,  espe- 
cially if  the  field  of  view  is  small,  should  eliminate  many  of  the 
distractions  which  so  seriously  interfere  with  naked-eye  observa- 
tions. It  is  particularly  to  be  desired  that  some  observers  should 
devote  their   attention  to  the  lower    corona   in   the  immediate 
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vicinity  of  large  prominences.  Those  who  would  be  likely  to 
distinguish  an  active  prominence  by  a  glance  at  its  form  would 
do  well  to  record  the  coronal  details  near  it.  Others  should 
sketch  the  polar  streamers  close  to  the  Moon's  limb,  and  atten- 
tion may  also  be  given  to  the  structure  of  the  outer  corona,  both 
in  the  jjolar  and  equatorial  streamers.  It  is  evident  that  coop- 
eration of  some  sort  is  desirable  in  this  work,  in  order  that  the 
various  j)arts  of  the  corona  may  receive  proper  attention. 

3.  COLOR  OF  THE  CORONA  AND  PROMINENCES. 

Reliable  information  regarding  the  color  of  the  promi- 
nences and  various  parts  of  the  corona  is  much  to  be  desired. 
But  if  the  record  of  observations  is  to  be  of  real  service,  it  must 
consist  of  something  more  definite  than  fanciful  similes,  such  as 
are  likely  to  be  called  forth  by  the  excitement  of  the  moment. 
The  colors  must  be  well  and  clearly  defined,  and  if  possible 
referred  to  some  standards  of  color,  prepared  for  the  purpose. 
If  a  telescope  is  not  employed  the  observations  will  be  much 
facilitated  by  the  use  of  a  field  or  opera-glass,  provided  instru- 
mental color  is  not  introduced  in  this  way.  The  presence  of 
the  prominences  greatly  interferes  with  determinations  of  the 
color  of  the  corona,  and  in  such  observations  it  would  be  advan- 
tageous to  occult  them  with  a  small  disk  in  the  focal  plane  of  the 
telescope. 

The  importance  of  noting  the  color  of  the  prominences  rests 
upon  the  fact  that  Tacchini  and  others  have  observed  the 
so-called  "white  prominences,"  of  which  an  adequate  explana- 
tion has  yet  to  be  offered.  The  subject  has  been  discussed  by  the 
present  writer  in  an  article  entitled  "The  Effect  of  a  Total 
Eclipse  of  the  Sun  on  the  Visibility  of  the  Solar  Prominences,"' 
where  Tacchini's  observations  are  fully  described.  To  mention 
only  a  single  case,  it  may  be  said  that  at  the  eclipse  of  1886 
Tacchini  distinctly  saw  an  enormous  white  prominence,  which 
appeared  on  the  photographsfof  the  inner  corona,  but  could  not 
be  seen  with  the  sjjectroscope  in  the  Ha  line  either  before  or 
'This  Journal.  3,  374,  1896. 
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after  totalitv.  In  the  article  referred  to  I  have  suggested  that 
the  white  color  of  such  a  prominence  may  be  due  to  the  com- 
parative faintness  of  the  less  refrangible  lines  in  its  spectrum, 
whereas  the  calcium  lines  H  and  K  were  of  their  normal  inten- 
sity. Objective  prism  photographs  of  the  chromosphere  and 
prominences  have  indeed  shown  marked  variations  in  the  relative 
intensity  of  prominence  lines,  but  it  is  not  yet  certain  that  a 
"white  prominence"  could  be  caused  in  this  way.  From  this 
point  of  view  it  would  be  well  to  compare  together  the  colors  of 
a  small  number  of  prominences,  as  seen  in  a  field-glass  or  tele- 
scope, noting  the  degree  of  redness  in  each  case.  Such  obser- 
vations should  of  course  be  supplemented  by  work  with  the 
spectroscope  whenever  possible.  Photographs  of  the  "flash" 
spectrum  made  with  an  objective  prism  will  be  very  useful  in 
this  connection.  If  circumstances  permit,  the  chromosphere  and 
prominences  will  be  photographed  in  the  K  line  with  the  large 
spectroheliograph  of  the  Yerkes  Observatory  at  the  time  of 
totality  for  purposes  of  comparison. 

4.     SMALL    SCALE    PHOTOGRAPHS    OF    THE    CORONA. 

Every  possessor  of  a  suitable  camera  is  equipped  with 
apparatus  sufificient  to  give  valuable  results  in  photographing 
the  corona.  As  Mr.  Maunder  has  pointed  out  in  his  interesting 
discussion  of  the  results  obtained  at  the  recent  Indian  eclipse, 
with  lenses  of  focal  length  not  greater  than  five  feet  and  ratio 
of  aperture  to  focal  length  not  less  than  y^g  it  is  not  neces- 
sary to  have  an  equatorial  mounting  for  the  camera  when  the 
exposure  does  not  exceed  one  half  second.  It  must  not  be  sup- 
posed, however,  that  it  is  only  necessary  to  point  any  camera  at 
the  Sun  and  make  a  snap  exposure.  Such  a  procedure  might 
possibly  produce  a  good  picture  of  the  corona,  but  the  most 
valuable  results  will  be  obtained  by  those  who  observe  a  few 
simple  precautions  : 

a.  It  is  advantageous  to  use  lenses  of  considerable  focal 
length  (from  30  to  60  inches)  provided  the  angular  aperture  is 
not  too  small.     Such   lenses  should  show  the  corona  on  a  scale 
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larg"e  enough  to  bring  out  nieiny  important  tlctaiis.  Very  short 
focus  lenses  will  be  useful  for  long-exi)osurc  photograj)hs  of  the 
coronal  streamers,  if  mounted  e(juatorially  and  moved  by  clock- 
work. 

b.  Light  and  unsteady  camera  boxes  should  not  be  employed. 
A  strong  wooden  box  of  the  proper  length  is  much  more  suitable 
than  a  camera  having  leather  bellows. 

c.  It  is  of  great  importance  that  the  camera  box  should 
be  very  solidly  mounted,  so  that  it  will  not  be  affected  by  the 
wind  and  not  easily  set  into  vibration  by  any  cause.  Unless  an 
equatorial  mounting  is  to  be  used  it  will  be  advantageous  to 
screw  the  wooden  camera  box  to  the  top  of  a  post  firmly  planted 
in  the  ground.  The  optical  axis  of  the  lens  should  point  toward 
the  Sun  at  the  middle  of  totality.  Unless  the  focal  length  of 
the  lens  exceeds  5  feet,  or  the  diameter  of  the  field  is  very 
small,  it  will  be  unnecessary  to  change  the  {position  of  the  camera 
during  totality. 

d.  The  lens  can  be  most  accurately  focused  by  photograjjh- 
ing  star  trails,  a  series  of  ex[)osures  being  made  for  different 
positions  of  the  lens.  After  the  best  focus  has  been  ascertained 
the  lens  should  be  firmly  clamped  in  place. 

e.  The  results  obtained  at  the  Indian  eclipse  demonstrate  the 
great  advantage  of  using  multiple  coated  plates.  It  will  be  best 
to  employ  triple  or  quadruple  coated  plates,  and  as  a  further 
safeguard  the  plates  may  also  be  given  a  suitable  backing  in  order 
to  still  further  reduce  the  danger  of  solarization.  With  such 
plates  it  is  possible  with  an  equatorially  mounted  camera  to 
obtain  the  faint  outer  extensions  of  the  corona  without  serious 
interference  from  the  bright  inner  corona.  However,  too  much 
should  not  be  left  to  the  plates,  for  the  care  exercised  in  devel- 
opment is  of  the  greatest  importance. 

/    With    the    most    rapid    plates   it    would    appear    from    the 

results  discussed  by  Mr.  Maunder  that  for   an  aperture    of    — ,' 
'For  other  angular  apertures  tlie  exposure  may  be  <;onsidered  to  vary  inversely 


(/)• 
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exposures  of  from  ,.\,  second  to  ^^^  second  will  suffice  for  the 
prominences  and  y^^  second  to  \  second  for  the  inner  corona. 
Such  short  exposures  can  of  course  be  given  only  with  the  aid 
of  a  suitable  shutter.  A  greater  extent  of  the  corona  may  be 
obtained  with  exposures  from  \  to  |  second.  Mr.  Maunder 
believes  that  in  order  to  obtain  a  photograjjh  of  the  corona 
as  a  whole  the  exposures  should  not  exceed  one  second.  It 
is  evident  that  most  of  the  exposures  so  far  referred  to  are 
easily  within  the  reach  of  those  who  employ  fixed  cameras.  If 
it  is  desired  to  secure  the  great  extensions  of  the  corona,  which 
at  the  Indian  eclipse  were  traced  to  a  distance  of  nearly  four- 
teen lunar  radii  from  the  Sun,  the  camera  must  be  mounted  on 
an  equatorial  telescope  provided  with  a  driving-clock.  In  this 
case  the  exposure  might  well  continue  throughout  the  entire 
time  of  totality,  but  great  care  should  be  taken  to  cap  the  lens 
several  seconds  before  the  expected  reappearance  of  sunlight. 
It  is  desirable  to  have  several  lenses  of  different  focal  lengths 
carried  by  the  same  equatorial  mounting.  The  long  focus  lenses, 
giving  large  solar  images,  should  be  used  in  photographing 
the  prominences  and  the  structure  of  the  inner  corona,  while 
the  short  focus  lenses  may  be  employed  to  record  the  long 
streamers. 

g.  Care  must  be  taken  to  provide  for  the  accurate  orienta- 
tion of  all  photographs,  as  it  is  highly  important  that  the  north 
and  south  points  of  the  image  shall  be  known.  If  the  plate 
stands  in  a  vertical  position,  as  it  may  when  a  heliostat  is  used, 
a  fine  plumb  line  hanging  immediately  in  front  of  it  will  give 
satisfactory  results.  In  the  more  common  case,  where  a  camera 
pointing  at  the  Sun  is  employed,  a  series  of  rapid  exposures 
made  with  reduced  aperture  during  the  partial  phase,  while 
the  Sun  moves  across  the  stationary  plate,  will  serve  the 
purpose. 

It  is  to  be  hoped  that  during  the  coming  eclijjse  cameras  in 
the  hands  of  amateur  observers  will  be  distributed  all  along  the 
line   of  totality  in    the   United    States,  in   Spain,  and   in  Algeria. 
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A  comparison  of  such  a  series  of  photographs  might  lead  to  very 
valuable  results.' 

5.    PHOTOGRAPHS  OF  THE  CORONA   DURING  THE   PARTIAL  PHASE. 

During  the  recent  Indian  eclipse  Mrs.  Walter  Maunder, 
using  a  triple  coated  plate  and  a  Dallmeyer  stigmatic  lens  of  i  ^ 
inches  aj)erture  and  9  inches  focal  length,  succeeded  in  securing 
a  photograph  of  the  inner  corona  39  seconds  after  the  end  of 
totality.  As  Mr.  and  Mrs.  Maunder  point  out  in  the  report  to 
which  such  frecjuent  reference  has  been  made,  it  will  be  advisable  to 
repeat  and  extend  these  experiments  at  the  coming  eclipse.  The 
problem  of  photographing  the  corona  in  full  sunlight  is  one 
which  has  received  a  great  deal  of  attention,  but  hitherto  without 
tangible  result.  It  may  be  doubted  whether  the  use  of  multiple 
coated  plates  will  be  sufficient  of  itself  to  overcome  the  great 
obstacle  of  atmospheric  glare,  but  it  is  not  impossible  that  the 
corona  can  be  photographed  in  this  way  during  partial  eclipses. 
A  series  of  exposures  made  before  and  after  totality  on  multiple 
coated  and  heavily  backed  plates  should  be  of  value,  especially 
if  the  image  of  the  photosphere  is  prevented  from  falling  on  the 
sensitive  film.  An  occulting  disk  before  the  plate  should  there- 
fore  be  employed  if  possible.      Mr.  Maunder  believes  that  with 

an  aperture  of         the  exposures  out   of    totality    should   range 

from  \  second  down  to  g'j  second. 

6.     PHOTOGRAPHIC    SEARCH    FOR    POSSIBLE    INTRA-MERCURIAL 

PLANETS. 

The  possibility  that  planets  may  exist  within  the  orbit  of 
Mercury  has  led  to  many  attempts  to  detect  such  objects  under 
the  favorable  conditions  presented  by  a  total  solar  eclipse.  As 
the  unsuccessful  visual  observations  made  at  previous  eclipses 
tend  to  indicate  that  no  very  bright  planet  is  likely  to  be  found, 
preparations  should  be  made  to  record  all  objects,  down  to  the 

'  In  this  connection  one  cannot  do  better  than  consult  the  Report  on  the  Indian 
Eclipse  of  /8q8,  recently  issued  by  the  British  Astronomical  Association.  Many  of 
the  above  suggestions  are  derived  from  this  source. 
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lowest  attainable  iiiag'nitude,  in  the  region  about  the  Sun.  Except 
by  a  most  foitunate  chance  nothing  can  be  expected  to  result 
from  visual  observations.  Even  if  the  region  were  divided 
among  a  great  number  of  observers,  little  could  be  done  in  the 
brief  si)ace  of  totalitv,  and  disj)utes  would  be  likely  to  arise  on 
-^rcount  of  the  uncertainties  inseparable  from  hurried  work.  It 
would  therefore  seem  inadvisable  to  waste  effort  on  visual 
observations,  but  a  thorough  ])hotograi)hic  search  should 
undoubtedly  be  made.  In  undertaking  such  a  search  the  fol- 
lowing considerations  are  among  those  which  should  be  borne  in 
mind  : 

a.  The  lens  should  combine  the  greatest  possible  rapidity  of 
action  with  the  largest  |)Ossible  field.  Good  poitrait  lenses  hav- 
ing an  aperture  of  about  -  should   give  well-defined  star  images 

over  a  field  about  nine  degrees  in  diameter  on  a  flat  plate. 
Experiments  recentlv  made  by  Professor  Wadsworth  and  Mr. 
Brashear  show  that  the  diameter  of  the  field  can  be  greatly 
increased  bv  the  use  of  concave  plates  of  suitable  curvature.  It 
is  advisable  to  employ  lenses  in  pairs,  in  order  that  suspected 
images  mav  be  verified  on  an  exactly  similar  plate  made  with 
another  lens.  In  addition  to  portrait  lenses  it  will  probably  be 
advantageous  to  use  rapid  rectilinear  lenses  giving  very  large 
fields. 

b.  The  suitability  of  a  lens,  the  best  exposure  time,  and  the 
proper  development  can  all  be  ascertained  by  photographing 
stars  under  conditions  as  nearly  as  [possible  like  those  prevailing 
during  totality,  when  the  general  illumination  will  probably  be 
not  very  different  from  that  of  a  clear  sky  half' an  hour  after 
sunset.  The  maximum  exposure  given  should  be  a  few  seconds 
less  than  the  computed  duration  of  totality,  for  in  order  to  avoid 
the  possibility  of  complete  loss  it  will  be  advisable  at  the  eclipse 
to  cap  the  lens  an  appreciable  time  before  the  Sun  is  expected 
to  reappear.  Such  experiments  will  enable  one  to  select  the 
lens  best  adapted  for  the  purpose,  to  determine  approximately 
the  exposure   time   giving  the   greatest    number  of  stars,  and  to 
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form  an  idea  oi  the  number  of  stars  likely  to  be  recorded  during 
the  eclipse.  Professor  W.  H.  Pickering,  who  has  great  confi- 
dence in  the  photograjihic  method,  finds  from  experiment  that 
it  should  be  possible,  under  eclipse  conditions,  to  photograph 
stars  as  faint  as  the  sixth  magnitude. 

c.  The  camera  should  be  carried  by  a  good  equatorial  mount- 
ing, provided  with  dri\ing-clock.  Care  should  be  taken  in 
adjusting  the  instrument,  for  without  perfect  following  the  maxi- 
mum photographic  effect  of  course  cannot  be  obtained. 

d.  Those  who  possess  large  portrait  lenses  of  great  angular 
aperture,  but  lack  a  suitable  mounting,  will  do  well  to  try  pho- 
tographing star  trails  under  the  conditions  named  above.  It  is 
probable  that  even  with  a  fixed  camera  the  chances  of  success 
would  be  decidedly  greater  than  in  the  case  of  visual  observa- 
tions. 

e.  It  goes  without  saying  that  the  most  rapid  plates  obtain- 
able should  be  used.  How  far  it  will  be  safe  to  push  the 
development  can  be  roughly  determined  from  the  preliminary 
experiments. 

/.  In  order  to  cover  the  largest  possible  area  of  skv  it  is 
very  desirable  that  parties  planning  to  undertake  this  work 
should  cooperate,  each  devoting  its  attention  to  a  particular 
region.  All  persons  provided  with  suitable  instruments,  who  are 
willing  to  particij)ate  in  a  general  plan  of  operations,  are  invited 
to  address  the   Eclipse  Committee. 

It  may  be  added  that  Professor  Ncwcomb,  whose  sugges- 
tions are  embodied  in  the  above  paragraphs,  considers  a  photo- 
graphic search  for  possible  intra-Mercurial  planets  as  one  of  the 
most  important  pieces  of  work  that  can  now  be  attempted  dur- 
ing total  eclipses  of  the  Sun. 

7.     L.\RGE    SCALE  PHOTOGRAPHS  OF  THE  CORONA  AND   PROMINENCES. 

Portrait  lens  photographs  of  the  corona,  while  of  great  value 
for  certain  purposes,  are  on  too  small  a  scale  to  permit  the  finer 
structure  of  the  corona  and  jjrominences  to  be  recorded.  For 
this   purpose    the    la»rgest    possible    images    are    required.       The 
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results  obtained  at  recent  eclipses  with  objectives  of  great  focal 
length  indicate  the  value  of  this  method.  The  lens  may  be 
pointed  directly  at  the  Sun  and  used  in  a  fixed  position  with  a 
moving  photographic  plate,  or  it  may  be  mounted  with  its  axis 
horizontal,  and  supplied  with  light  by  a  heliostat  or  coelostat. 
A  double  mirror  heliostat  or  a  coelostat  should  be  used  in  prefer- 
ence to  a  single  mirror  heliostat  (unless  this  be  of  the  polar 
form),  as  no  large  instrument  of  the  latter  type,  so  far  as  the 
writer  is  informed,  has  ever  been  made  to  drive  accurately.  If 
the  mirrors  show  any  tendency  to  distortion  by  the  Sun's  heat 
they  should  be  screened  until  a  few  seconds  before  totality.  Of 
the  lens  it  may  be  said  that  it  is  doubtful  whether  any  advantage 
will  result  from  the  use  of  focal  lengths  much  greater  than  75  or 
100  times  the  aperture.  A  consideration  of  the  size  of  the  silver 
grains  would  indicate  that  with  j^erfect  seeing  the  full  visual 
resolving  power  of  the  objective  should  be  realized  when  the  focal 
length  is  about  50  times  the  aperture.  Excellent  results  have, 
however,  been  obtained  with  objectives  whose  focal  lengths  are 
as  much  as  120  times  the  aperture.  Rut  it  must  not  be  forgotten 
that  for  an  objective  of  given  aperture  the  exposure  time  and  the 
effects  due  to  poor  seeing  and  inaccuracies  of  the  coelostat  or 
heliostat  increase  rapidly  with  the  focal  length.  Hence  one 
should  not  go  too  far  in  his  desire  to  secure  a  large  focal  image 
of  the  corona. 

It  is  probable  that  a  photographic  objective  of  comparatively 

/        . 
short   focus    (sav    ^),   if   used    in    coniunction    with    a   suitable 

enlarging  lens,  would  give  results  but  little  inferior  to  those 
obtained  with  the  apparatus  described  above.  This  would  have 
the  advantage  of  requiring  only  a  small  equatorial  mounting, 
but  it  might  be  difificult  to  avoid  setting  the  instrument  into 
vibration  when  changing  plate-holders.  All  apparatus  used  in 
large  scale  photography  must  of  course  have  stable  foundations 
and  adequate  protection  from  the  wind. 

It  will  probably  be  advantageous  to  use  multiple  coated  and 
backed    plates,    particularly    for    the     longer    exposures.       The 
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approximate   lengths   of  exjjosures  may  be  calculated  from   the 
data  given  in  section  4. 

The  device  employed  at  the  Indian  eclipse  by  Mr.  Burck- 
halter,  for  the  purpose  of  giving  to  each  part  of  the  corona  an 
exposure  in\erselv  proportional  to  its  brightness,  merits  more 
general  use.  It  consists  of  a  revoUing  disk,  mounted  concen- 
trically with  the  Sun's  image,  and  admitting  light  to  the  j^late 
through  an  aperture  of  suitable  form.  The  width  of  the  opening 
at  a  given  point  cannot  be  exactly  known  until  an  exjjression 
giving  the  (photographic)  brightness  of  the  corona  as  a  function 
of  the  distance  from  the  Sun's  limb  has  been  found.  Neverthe- 
less, data  sufificient  for  practical  purposes  are  available,  and  there 
should  be  no  difficulty  in  repeating  Mr.  Burckhalter's  experi- 
ments. 

8.     DISTRIBUTION    OF    "CORONIUM." 

It  is  a  matter  of  considerable  imjjortance  to  determine 
whether  "coronium" — the  gas  whose  spectrum  is  characterized 
bv  the  bright  green  line  formerly  known  as  "1474  K" — forms  a 
structureless  envelope  about  the  Sun,  or  conforms  in  appearance 
to  the  corona.  In  other  words,  does  the  bright  green  line  pass 
without  marked  change  of  intensity  over  coronal  rifts  and 
streamers,  as  Tennant  long  ago  found  it  to  do  ?  It  is  evident 
that  this  question  may  be  tested  in  several  wavs.  One  of  the 
simplest  is  that  employed  by  Maunder  at  the  Indian  eclipse  of 
1898.  A  small  direct-vision  prism  was  inserted  in  one  of  the 
eyepieces  of  a  binocular  of  about  two  inches  aperture.  It  was 
thus  possible  to  compare  the  corona,  as  seen  directly  with  one 
eye,  with  its  monochromatic  green  image,  as  seen  with  the  other. 
Thus  the  distribution  of  coronium  could  be  ascertained  with 
rapidity  and  certainty.  Unless  adequate  shade  glasses  are  used 
the  Sun  should  not  be  observed  with  such  an  instrument  before 
the  beginning  of  totality,  as  the  eye  is  likely  to  be  temporarily 
injured  by  the  brilliancy  of  the  image.  This  was  Mr.  Maunder's 
experience,  and  as  a  result  he  was  able  to  see  the  faint  green 
image  only  after  mid-totality  had  passed.  No  trace  of  rifts  or 
rays  could  be  distinguished  by  this  observer.      On  account  of   its 
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small  size  and  convenience,  a  jjrismatic  binocular  will  be  very 
suitable  for  persons  who  wish  to  make  useful  observations,  but 
are  not  in  a  position  to  provide  elaborate  and  expensive  instru- 
ments. Care  must  be  taken,  however,  to  secure  an  efficient 
binocular  and  direct-vision  prism.  The  magnifying  power  of  the 
binocular  should  be  sufficient  to  show  the  coronal  structure 
clearly  and  distinctly.  The  instrument,  with  prism  in  place,  can 
be  tested  by  the  aid  of  an  alcohol  or  Bunsen  flame,  colored  with 
lithium  or  strontium  chloride,  and  partially  screened  by  a  piece 
of  cardboard  in  which  openings  are  cut  having  the  same  angular 
magnitude  as  the  coronal  rays. 

It  would  be  interesting  to  examine  with  such  an  instrument 
the  green  coronal  image  in  the  immediate  vicinity  of  a  promi- 
nence. An  objective  prism  or  grating,  or  a  small  direct-vision 
prism,  used  in  conjunction  with  a  telescope  of  three  or  four 
inches  aperture,  would  be  more  suitable  for  this  purpose,  how- 
ever, on  account  of  the  larger  scale  of  the  image. 

9.     POSITION    OF    THE    GREEN    CORONAL    LINE. 

It  has  been  recently  shown  by  Lockyer,  Campbell,  and  others 
that  the  green  coronal  line  photographed  at  the  Indian  eclipse 
of  1898  did  not  correspond  in  position,  as  it  had  previously  been 
supposed  to  do,  with  the  line  falling  at  1474  on  Kirchhoff's  map 
of  the  solar  spectrum,  Undoubtedly  the  best  way  to  accurately 
determine  the  wave-length  of  the  green  coronal  line  at  the  com- 
ing eclipse  is  by  photography,  but  direct  visual  comparisons  of 
the  chromospheric  and  coronal  lines  will  also  be  of  value.  Any 
spectroscope  that  easily  separates  the  D  lines  will  serve  for  the 
purpose,  but  a  dispersion  of  two  or  three  prisms  would  be  advan- 
tageous. The  spectroscope  should  be  attached  to  a  telescope  of 
from  four  to  six  inches  aperture,  provided  with  good  slow 
motions  and  driving-clock.  The  slit  should  be  made  radial  at 
the  computed  point  of  second  contact,  and  set  in  the  focus  of  the 
telescope  corresponding  to  A,  5317.  The  micrometer  of  the 
spectroscope  should  be  provided  with  a  rather  coarse  wire, 
extending  only  half  way  across  the  field,  and  fined  down  to  a 
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sharj)  j)oint.  At  the  bct^iniiiiig  of  totality  tin's  wire  may  be  set 
so  as  to  occult  the  briij^ht  chromospheric  line  at  A- 5317  ( 1474  A'). 
A  few  seconds  later  the  green  coronal  line  should  become  visible, 
and  it  mav  be  seen  at  once  whether  it  coincides  in  position  with 
the  wire.  If  time  j)ermits,  micrometer  settings  may  be  made  to 
determine  the  wave-length  of  the  coronal  line.  Or  the  same 
instrument  may  be  employed  in  an  attempt  to  trace  the  green 
line  across  the  coronal  rifts. 

10.     PHOTOGRAPHS    OF    THE    SPECTRUM    OF    THE    CHROMOSPHERE. 

The  importance  of  securing  a  complete  record  of  the  spec- 
trum of  the  base  of  the  chromosphere  is  so  great  that  no  pains 
should  be  spared  to  surj:)ass  the  admirable  results  recently 
obtained  in  India.  So  far  as  the  writer  knows,  the  numerous 
lines  of  the  green  and  yellow  flutings  of  carbon  vapor,  which 
can  be  seen  at  the  Sun's  limb  on  any  good  day  with  the  spectro- 
scope attached  to  the  40-inch  Yerkes  telescope,  have  not  yet 
been  observed  or  photographed  during  eclij^ses.  This  indicates 
that  the  spectrum  of  the  "  flash  "  is  [probably  far  more  complicated 
than  even  the  best  photographs  show  it  to  be,  and  thus  emphasizes 
the  fact  that  too  much  attention  cannot  be  devoted  to  this  field 
of  eclipse  research.  The  brief  duration  of  the  flash  is  the  prin- 
cipal obstacle  to  success.  For  this  reason  Mr.  Evershed's  sug- 
gestion that  stations  lying  only  a  few  miles  within  the  north  and 
south  boundaries  of  the  shadow  path  be  selected  for  this  work  is 
an  excellent  one.  At  such  points  the  duration  of  totality  may 
be  only  one  third  that  on  the  central  line,  but  during  this  entire 
time  the  spectrum  of  the  chromosphere  would  be  visible.  Thus 
photographs  taken  at  second  and  third  contacts  would  give  the 
combined  spectra  of  the  lower  and  upper  strata,  while  exposures 
made  at  mid-eclipse  would  record  only  the  higher  layers. 
Observers  who  wish  to  give  special  attention  to  the  smaller 
prominences  and  the  lower  corona  could  also  work  to  advantage 
at  such  stations,  but  all  other  observations  should  be  made  on 
or  near  the  central  line. 
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There  can  be  little  doubt  that  ot"  all  I'ornis  of  sj)ectro.scoj)es 
suitable  for  photographing  the  s[)ectruni  of  the  Hash  the  objective 
prism  is  the  one  most  likely  to  give  good  results.  As  compared 
with  a  slit  spectrograph  it  has  certain  disadvantages,  notably  on 
account  of  the  absence  of  a  slit,  which  renders  the  use  of  a  com- 
parison spectrum  practically  impossible.  This  defect  is  rendered 
less  serious  by  the  fact  that  a  sufificient  number  of  well-known 
lines  to  serve  as  standards  can  be  found  in  the  chromosj)heric  spec- 
trum itself.  Thus  the  wave-lengths  of  the  unknown  lines  can  be 
determined  with  a  considerable  degree  of  accuracy,  especially  if 
Hartmann's  valuable  interi)olation  formula  is  used,  and  the  reduc- 
tions made  by  the  method  of  least  squares.  Again,  the  necessary 
exposure  times  are  less  than  with  a  slit  spectrograph  of  e(]ual 
resolving  power,  and  the  danger  of  comj)lete  failure  is  very  small. 

A  slit  spectrograph,  if  it  is  to  be  comparable  in  working  effi- 
ciency with  an  objective  jjrism,  should  be  of  large  aperture,  while 
the  camera  objective  should  be  a  triple  lens  or  some  other  combina- 
tion capable  of  giving  good  definition  over  a  fairly  large  field.  If 
a  tangential  slit  is  to  be  used  the  solar  image  should  be  as  large  as 
possible,  and  special  care  should  be  taken  to  ])rovide  reliable  slow 
motions  for  use  in  placing  the  slit  tangent  to  the  Sun's  limb,  A 
train  of  prisms  is  undoubtedly  superior  to  a  grating  in  an  instru- 
ment of  this  kind,  unless  one  is  fortunate  enough  to  possess  a  grat- 
ing which  concentrates  most  of  the  light  in  a  single  spectrum. 
The  time  of  exposure  may  be  reduced  to  a  minimum  by  using  a 
long  collimator  (of  correspondingly  large  aperture)  and  a  com- 
paratively short  camera.  The  focal  length  of  the  camera  objective 
will  of  course  depend  on  the  angular  dispersion  of  the  prism 
train  and  the  linear  dispersion  desired  on  the  photograph.  In 
general,  when  it  is  necessary  to  reduce  the  time  of  exposure  to  a 
minimum,  it  is  not  advisable  to  attempt  to  realize  the  full 
theoretical  resolving  power  of  the  prism  train.  This  could  be 
done  only  by  the  use  of  a  very  long  camera,  which  would  require 
a  great  increase  in  the  exjjosure  time. 

Summing  up,  it  may  be  said  that  the  objective  prism  has  a 
decided  advantage  in  requiring  less   care  in  manipulation,  and  in 
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showiiiiT  a  long  arc  of  the  chromospliere  with  a  C(jmi)aratively 
short  cx})osurc.  It  is  therefore  likely  to  be  used  in  the  majority 
of  cases.  Slit  spectrographs  should  be  employed  only  by  experi- 
enced observers,  who  must  take  pains  to  secure  the  highest  pos- 
sible degree  of  efficiency  in  the  design.  The  chances  of  photo- 
graphing the  spectrum  of  an  active  region  in  the  chromosj)here 
will  be  much  increased  if  a  slit  having  the  curvature  of  the  image 
of  the  Moon's  limb  is  substituted  for  a  straight  slit.  This  pre- 
supposes that  the  slit  is  to  be  used  tangentially,  the  j:)Osition 
which  demands  the  greatest  skill  on  the  part  of  the  observer,  but 
the  one  which  may  ultimately  give  the  best  spectrum  of  the  low- 
est stratum  of  the  chromosphere.  Although  a  large  solar  image 
is  needed,  brightness  should  not  be  sacrificed  for  size  through  the 
use  of  an  objective  of  very  small  angular  aperture. 

Reflecting  jaws  would  facilitate  setting  the  image  on  the  slit. 
If  a  radial  slit  is  used  much  less  care  is  necessary  in  adjusting 
the  position  of  the  solar  image,  which  may  also  be  smaller  in 
diameter.  In  this  case  the  plan  used  by  Campbell  at  the  Indian 
eclipse,  of  moving  the  photographic  plate  by  clockwork  during 
the  exposure  parallel  to  the  spectral  lines,  should  prove  effective 
in  giving  the  spectrum  of  the  various  levels  of  the  chromosphere 
on  a  single  plate.  The  same  method  may  be  adapted  to  the 
requirements  of  a  tangential  slit  or  to  those  of  an  objective  prism 
bv  limiting  the  length  of  the  spectral  lines  by  means  of  a  slit 
parallel  to  the  length  of  the  spectrum,  placed  immediately  in 
front  of  the  photographic  plate. 

A  third  method  of  using  the  spectrograph  is  to  set  the  slit  so 
that  it  makes  a  small  angle  with  the  tangent  to  the  Moon's  limb 
at  the  point  of  contact.  With  a  fairly  large  image  of  the  Sun 
the  spectrum  obtained  in  this  way  on  a  fixed  plate  is  quite  wide 
enough  to  differentiate  the  spectra  of  the  various  strata.  In 
observations  of  the  faintest  lines  in  the  chromospheric  sjjcctrum 
with  the  40-inch  telescope  this  manner  of  placing  the  slit  is  found 
to  give  excellent  results. 

It  is  to  be  hoped  that  someone  will  use  a  cjuartz  spectrograph 
for  work  in  the   ultra-violet.      For  this   and    other   purposes   the 
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valuable  combination  of  polar  heliostat  and  spectrograph  used  by 
Newall  in  India  should  prove  useful.' 

Little  need  be  said  regarding  the  design  of  the  objective 
prism  spectroscope,  unless  it  be  to  emphasize  the  importance 
ot  cmploving  a  lens  corrected  for  the  wave-lengths  comprised 
bv  the  photograph  and  the  advantage  of  using  several  prisms 
with  a  short  focus  objective  rather  than  a  single  prism  with  an 
objective  of  long  focus.  The  dark  line  spectrum  of  the  cusps 
should  be  photographed  for  use  in  connection  with  the  reduc- 
tions. 

A  direct  concave  grating  spectroscope,  similar  to  that  used 
in  1899  by  Mitchell  at  the  Ycrkes  Observatory  and  described  by 
him  in  the  June  number  of  this  Journal,  should  give  good  results 
in  eclipse  work.  Newall  describes  in  the  paper  referred  to  above 
an  objective  grating  with  which  he  successfully  observed  the  dis- 
tribution of  "coronium  "  about  the  .Sun. 

In  all  cases  it  will  be  advantageous  to  emj^loy  multij)le  coated 
and  backed  plates,  and  to  determine  the  proj)er  moment  to 
expose  for  the  spectrum  of  the  flash  by  the  aid  of  a  solar  spec- 
troscope used  visually.  A  suitable  photographic  shutter  should 
be  provided,  and  a  device  for  rapidly  bringing  fresh  plates  into 
position  would  prove  of  great  service. 

II.      PHOTOGRAPHS    OF    THE    SPECTRUM    OF    THE    CORONA. 

As  already  remarked,  the  eclipse  will  be  of  so  short  duration 
that  it  will  be  inadvisable  to  attempt  any  exhaustive  study  of 
the  spectrum  of  the  corona.  Nevertheless,  in  view  of  the 
importance  of  definitely  determining  its  wave-length,  the  green 
coronal  line  should  be  photographed  with  the  highest  dispersion 
it  is  safe  to  employ  —  probably  three  prisms,  with  a  long  colli- 
mator and  a  comparatively  short  camera.  If  possible,  the  chro- 
mospheric  line  at  X.5317  and  the  solar  spectrum  should  be 
photographed  on  the  same  plate  for  purposes  of  comparison. 
From  such  a  plate  an  accurate  determination  of  the  wave-length 
of  the  green  coronal  line  may  easily  be  obtained. 

'See  Proc.  Roy.  Soc,  64,  55,  1898. 
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l'\irthcr  attempts  to  measure  the  rotation  of  the  corona  will 
probably  be  put  off  until  the  Sumatra  eclipse,  but  if  any  work 
is  done  it  would  apj)ear  from  Campbell's  results  that  the  green 
line  should  be  chosen  in  preference  to  all  others.  In  any  event 
the  H  and  K  lines  should  not  be  used,  as  the  objective  prism 
has  shown  that  they  tlo  not  belong  to  the  spectrum  of  the  corona. 

12.     }li:.\T    K.\ni.\TION    OF    THE    CORONA. 

Direct  measurements  of  the  heat  radiation  of  the  corona, 
although  attempted  at  two  previous  eclipses,  have  hitherto 
yielded  no  satisfactory  results.  As  Professor  Very  has  pointed 
out  in  the  October  1899  number  of  this  Journ.al,  the  question  is 
one  of  great  intrinsic  importance,  and  it  has  an  additional  inter- 
est because  of  its  bearing  on  the  possibility  of  mapping  the 
corona  without  an  eclipse.  If  the  corona  radiates  sufficient  heat 
to  produce  easily  measurable  deflections  with  a  bolometer,  radi- 
ometer, or  other  sensitive  heat-measuring  instrument,  and  if  the 
intensity  of  heat  radiation  from  the  rifts  and  streamers  is  sensi- 
bly different,  there  is  a  chance  that  it  may  ultimately  become 
feasible  to  majj  the  outline  of  the  corona  in  full  sunlight.  Dis- 
cussion of  the  method  would  be  out  of  place  here ; '  suffice  it  to 
say  that  the  principle  on  which  it  is  based  has  been  proved  by 
laboratory  experiments  to  be  sound.  Two  sets  of  measures  are 
particularly  desirable  just  at  present : 

a.  Measures  of  the  heat  radiation  of  a  streamer  at  various 
distances  from  the  limb,  to  determine  the  law  of  decrease  with 
distance. 

b.  Measures  of  the  relative  heat  radiation  of  rifts  and 
streamers. 

Of  the  four  heat-measuring  instruments  available  for  this 
work  the  observer  must  endeavor  to  select  that  which  is  best 
adapted  for  his  purpose.  The  radiometer  and  radiomicrometcr 
are  not  affected  by  magnetic  disturbances,  and  have  other  impor- 
tant advantages.      The   bolometer   and  thermopile  require  the 

'"On  a  New  Method  of  Mapping  the  Solar  Corona  without  an  Eclipse."      ihis 

J(  URNAL,  I,  318. 
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cooperation  of  an  exceedingly  sensitive  galvanometer,  but  they 
are  small  and  light,  and  can  be  used  in  any  position.  The  ther- 
mopile needs  no  battery,  and  if  made  in  Ruben's  new  form,  as 
described  in  the  last  volume  of  the  Zeitsclirift  fiir  Instrumentcn- 
kunde,  it  ought  to  be  well  adapted  for  eclipse  work.  Each 
observer  must,  however,  base  his  selection  upon  experience  in 
the  use  of  the  various  instruments.  Whichever  is  chosen,  means 
must  be  provided  for  instantlv  varying  the  sensitiveness  through 
a  large  range,  as  with  our  present  ignorance  of  its  intensit)'  it 
would  be  unsafe  to  expose  a  very  delicate  instrument  to  the  full 
radiation  of  the  corona.  With  a  bolometer  or  thermopile  a  good 
balancing  bridge  is  essential,  and  for  the  former  it  is  necessary 
to  have  a  battery  giving  a  very  uniform  electromotive  force. 
Every  precaution  must  be  taken  to  shield  all  junctions  (which 
should  be  of  copper  throughout)  from  convection  or  radiation, 
and  to  protect  all  parts  of  the  apparatus  from  the  wind  and  other 
sources  of  disturbance.  If  possible,  the  measures  should  be 
differential,  one  strip,  vane,  or  junction  being  exposed  to  the 
radiation  from  the  Moon,  the  other  to  that  of  the  corona.  An 
observer  with  a  single  instrument  should  not  attempt  to  measure 
the  heat  radiation  at  more  than  one  or  two  points,  using  the 
lowest  sensitiveness  of  the  instrument  that  will  give  reliable 
readings.  On  account  of  the  difficulty  of  the  work,  and  the 
danger  of  a  mishap  at  the  critical  moment,  it  is  hoped  that  sev- 
eral observers  with  independent  instruments  may  take  part  in  it. 
The  writer  will  be  glad  to  discuss  details  of  the  apparatus 
(including  heliostat,  device  for  rotating  coronal  image,  differen- 
tial radiometer,  radiomicrometer,  bolometer  or  thermopile,  gal- 
vanometer, balancing  bridge,  etc.)  with  anyone  who  is  prepared 
to  undertake  the  measurements. 

It  might  be  profitable  to  consider  many  other  questions  relat- 
ing to  the  eclipse,  particularly  those  connected  with  photometric 
and  polariscopic  observations.  But,  as  stated  at  the  outset, 
this  article  is  intended  to  be  merely  suggestive  in  character,  and 
no  attempt  has  been  made  to  cover  the  whole  field.      It  will  be 
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well  worth  while  to  unclertakc  photometric  observations  of  the 
corona,  if  photographic  methods  are  employed  in  conjunction 
with  some  such  instrument  as  Hartmann's  new  photometer. 
Work  with  the  polariscope  is  less  important  at  this  time. 
Arram^^ements  should  always  be  made,  if  possible,  to  accurately 
determine  the  latitude  and  longitude  of  eclipse  stations.  The 
contacts  should  of  course  be  recorded  with  all  possible  accuracy.' 
It  should  perhaps  be  said  in  conclusion  that  the  above  sug- 
gestions do  not  necessarily  represent  the  views  of  the  Eclipse 
Committee,  as  the  writer,  except  in  a  single  instance,  is  alone 
responsible  for  them.  The  committee  desires  to  secure  for  pub- 
lication all  possible  information  regarding  the  plans  of  eclijjse 
parties,  and  communications  may  be  addressed  to  the  secretary 
at  the  Yerkes  Observatory. 

'  Special  attention  is  called  to  Professor  Campbell's  article  on  the  observation 
of  contacts  in  the  Astronomical  Journal,  No.  474,  which  has  appeared  since  the 
present  pc-.per  was  put  in  type. 
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METALS. 

V.     SPECTRUM  OF  VANADIUM.' 

By    B.    n  ASSELBERG. 
V.ANADIUM    AND    THE    OTHEK     METALS. 

After  this  comparison  of  vanadium  with  the  metals  I  had 
previously  investigated,  I  proceeded  to  a  similar  comparison  of 
my  observations  with  the  spectroscopic  investigations  of  other 
metals,  made  by  Kayser  and  Runge.  It  appeared  as  a  result  of 
this  comparison  that  several  of  these  metals  contained  in  their 
spectra  no  line  in  such  position  or  of  such  character  that  any 
connection  whatever  with  vanadium  could  be  inferred.  The 
metals  are  these  : 


Sodium, 

Strontium, 

Indium, 

Polassium, 

Magnesium, 

Tin, 

Lithium, 

Zinc, 

Lead, 

Rubidium, 

Aluminium, 

Arsenic, 

Caesium, 

Gold, 

Bismuth. 

The  metals 

Calcium, 

Mercury, 

Thallium, 

Barium, 

Copper, 

Antimony, 

Cadmium, 

Silver, 

show,  however,  occasional  approximate  coincidences  with  lines 
of  vanadium,  but  in  view  of  their  diffuse  character  and  the  con- 
sequent considerable  uncertainty  of  the  wave-lengths  given  by 
Kayser  and  Runge,  most  of  these  are  accidental  and  certainly 
not  suitable  as  a  basis  for  an}'  inference  as  to  a  connection.  These 
lines  are  given  in  the  following  tables  along  with  the  limits  of 
error  of  the  wave-length  assigned  by  Kayser  and  Runge,  with 
other  remarks. 

'Continued  from  Vol.  X,  p.  361. 
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A 

i 

A 

1 

A\ 

ixcmsrks 

V 

• 

Sb 

3637-95 

1.2 

3637-94 

1     2.3 
Th 

±0.03 

3775-85 

1.2 

3775-87 

1     6 
Ag 

±0.03 

Reversed 

4379-38 

4-5 

4379-45 

1     2.3 
Cii 

±0.15 

Hroa'n.;ied 

3524-38 

2+ 

3524-31 

1.2 

±0.10 

Uroadened 

3533-85 

3 

3533-84 

2-3 

0.05 

IJroadened 

4531.01 

2+ 

4531.04 

4-5 
He 

O.IO 

Reversed,  broadened  toward 

red 

3543-68 

1.2 

3543-65 

3-4 

±0.10 

Hazy 

4916.48 

1.2 

4916.41 

3-4 
Ha 

O.IO 

Hazy  toward  red 

3910.01 

3 

3910.04 

4-5 

±0.05 

Reversed 

3975-51 

I 

3975-55 

1.2 

O.IO 

Hazy  toward  red 

4179-57 

2-3 

4179-57 

1.2 

0.20 

Hazy  toward  red 

4332-98 

•■" 

4333-04 

3 
Cd 

0.05 

Hazy 

3729.22 

1.2 

3729.21 

3 

Ca 

±0.20 

Broadened  toward  red 

4240.53 

2+ 

4240.58 

3 

±0.10 

4586.15 

1.2 

4586.12 

6 

O.IO 

5260.56 

I 

5260.58 

3 

0.05 

Among"  these  lines  those  ot  calcium  in  the  last  group  are  the 
only  ones  whose  assignment  to  vanadium  can  be  doubted.  I 
have,  nevertheless,  retained  them  here  because  two  of  them  have 
only  a  moderate  intensity  in  calcium,  and  the  third  certainly 
corresponds  to  the  solar  line  4586.05,  but  not  to  the  vanadium 
line.  The  observation  made  during  the  measurement  that  the 
last  occupied  a  position  somewhat  to  one  side  of  the  solar  line 
also  favors  this  view.  The  first  two  lines  of  the  table  indeed 
show  a  very  accurate  agreement  with  the  corresponding  lines  of 
antimony  and  thallium  ;  since  nothing  was  seen,  however,  of  the 
rest   of  the   strongest   lines   of    these    metals    in    the    vanadium 
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spectrum,  wc  can  hardly  conclude  that  they  occur  as  an  impurity 
in  the  \anadium. 

In  addition  to  the  investigations  of  metallic  spectra  by 
Kayser  and  Runt^e  which  have  so  far  been  utilized,  a  similar 
research  on  the  spectra  of  the  j)latinum  grouj)  by  Kayser'  alone 
has  recently  appeared,  which  seems  to  give  an  accuracy  in  the 
positions  of  the  lines  not  hitherto  attained.  The  j)recision  in 
fact  appears  to  be  of  the  same  degree  as  that  obtained  by  Row- 
land in  the  solar  spectrum,  so  that  it  is  justifiable  to  carry  the 
third  decimal  of  the  tenth-meter.  The  accordance  reaches  this 
high  degree  not  only  in  the  measures  among  themselves,  but 
also  in  comparison  with  those  of  Rowland ;  while  in  similar 
series  of  measures  up  to  this  time  the  individual  values  of  an 
individual  observer  may  present  a  similar  accuracy,  but  the  final 
results  differ  by  several  units  of  the  second  decimal  place  from 
those  of  other  observers.  It  is  evidently  entirely  illusory  to 
carry  the  third  place  under  such  circumstances.  That  so  sharp 
measurements  could  be  obtained  in  this  case  must  nevertheless 
be  attributed  not  only  to  the  superior  dispersion  of  the  large 
concave  grating,  but  also,  and  pcrhaj)s  chiefly,  to  the  excel- 
lent character  of  the  lines  of  the  metals  here  investigated, 
which  exceed  in  sharpness  the  lines  of  most  of  the  other 
metals. 

Since  in  m}''  measurements  of  the  vanadium  lines  the  prob- 
able error  of  the  wave-lengths  must  be  set  at  about  ±:  0.02 
tenth-meters,  while  in  Ka3'ser's  determinations  of  the  spectra  of 
the  platinum  group  the  uncertainty  affects  only  the  third  place, 
I  have  limited  more  closely  the  range  of  approximate  coinci- 
dences in  the  comparison  of  my  observations  with  his,  and  have 
only  included  those  lines  whose  wave-lengths  differ  from  each 
other  at  most  by  it  0.05  tenth-meters  ;  for  it  would  seem  quite 
certain  the  lines  with  a  larger  difference  of  wave-length  are 
actually  separated,  and  hence  independent  of  each  other.  In 
this  way  I  arrive  at  the  following  summary  : 

^  Abhandlungen  der  Berliner  Akademie  der  Wiss.,  iSqj.     An/iang. 
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V 

P 

I 

V 

Rk 

A 

i 

A 

I 

A 

i 

A 

i 

3505-«3 

I 

3505.85 

I  — 

3775-85 

1.2 

3775-86 

1.2 

3687.61 

2.3 

3687.58 

2+ 

3806.93 

2 

3806.92 

2.3 

:   17.98 

2 

1799 

I  — 

I'd 

18.37 

3 

18.35 

3 

28.66 

3-4 

28.62 

1  + 

4406.80 

4-5 

4406.76 

3 

3888.50 

2 

3888.47 

1  + 

5668.61 

2.3 

5608.60 

1  + 

4506.77 

2 — 

4506.82 

I  — 

4922.60 

1.2 

4522.63 

i-t- 

Ru 

5605.20 

2.3 

5605.21 

I  — 

5626.27 

2.3 

5626.25 

1  + 

3493-34 

I 

349338 

1  + 

3605.83 

1.2 

360  c. 79 

1.2 

Os 

71-37 

2  — 

71.36 

1+ 

72.54 

2 

72-53 

1+ 

•  3930-19 

23 

3930-15 

I  — 

3676.86 

3 

3676.82 

2  — 

3963-77 

2 

3963-77 

2-3 

37S5-«5 

1  + 

3755-86 

1+ 

4003.70 

1.2 

4003.65 

1+ 

3790.62 

1.2 

3790.65 

3 

15.20 

1  + 

15.20 

I  — 

35^90.34 

3 

3890.35 

2.3 

4097.09 

1.2 

4097.09 

I  — 

3942.16 

2 

3942.21 

2-3 

4400.74 

4 

4400.75 

I  — 

3950.37 

2  — 

3950.37 

2-3 

4529.80 

2.3 

4529.85 

I  — 

4118.73 

2 

4118.68 

1  + 

4738-51 

1.2 

4738.51 

1.2 

21.13 

I 

21.15 

1+ 

82.77 

2.3 

J  [82.81 

I  — 

Ir 

4197-77 

2  — 

4197-75 

2.3 

4226.78 

2 

4226.82 

I  — 

3952.10 

2 

3952.10 

1  + 

4297.86 

2.3 

4297.89 

4-5 

4048.77 

1.2 

4048.78 

I  — 

4341.15 

3 

4341.20 

1  + 

4051. 1 1 

2-3 

4051.07 

1  + 

4426.17 

3 

4426.18 

I  — 

4257-54 

2 

4257-53 

1  + 

4428.67 

3 

4428.62 

2+ 

4261.37 

2 

4261.41 

1  + 

4531.01 

2+ 

4531-03 

2+ 

4814.28 

2-3 

4814.33 

I  — 

4833.17 

2 

4833.16 

1  + 

5657.11 

i-f 

5657-13 

1  + 

5725.90 

2 

5725.90 

2.3 

The  number  of  approximate  coincidences,  particularly  in  the  case 
of  ruthenium,  is  greater  than  would  have  been  expected  in  view  of  the 
narrow  limits  taken  for  the  difference  of  wave-length.  A  direct  com- 
parison of  the  two  spectra  will  alone  decide  whether  or  not  these  are 
actual  coincidences  and  in  certain  cases  are  impurities  in  the  vanadium 
spectrum  due  to  this  metal.  Judging  by  the  estimates  of  intensity  in 
perhaps  the  majority  of  the  cases  the  reverse  is  indeed  equally  prob- 
able, or  that  the  vanadium  occurs  as  an  impurity  in  the  platinum  metals. 

RESULTS    OF    OBSERVATIONS. 

On  the  basis  of  what  has  preceded  I  have  derived  from  my  meas- 
ures the  following  catalogue  of  the  lines  to  be  assigned  to  the  spectrum 
of  vanadium.  The  last  column  contains  the  corresponding  determina- 
tions bv  Rowland,  but  those  lines  of  his  catalogue  which  do  not  occur 
in  mine  are  given  in  the  column  of  remarks  with  the  designation  R. 
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I  am  well  aware  that  among  these  lines  several  can  be  found 
which  are  due  to  other  metals  hitherto  not  recognized.  In  this 
category  of  suspicious  objects  probably  belong  those  lines  which 
are  inconspicuous  in  the  vanadium  spectrum,  but  correspond  to 
strong  absorption  lines  in  the  solar  spectrum.  This  seems  to 
be  a  reasonable  inference  from  the  fact  that  vanadium  is  repre- 
sented in  the  general  solar  spectrum  by  only  faint  and  incon- 
spicuous lines  corresponding  to  the  most  intense  lines  of  the 
metal,  while  the  metallic  lines  of  medium  and  slight  intensities 
are  entirely  absent  in  the  solar  spectrum.  Provisionally,  how- 
ever, and  as  long  as  their  origin  cannot  be  established,  the 
exclusion  of  these  seems  to  me  not  quite  justifiable,  as  slightly 
so  as  in  cases  where  the  lines  arouse  a  suspicion  of  foreign  origin 
on  account  of  their  extreme  faintness. 

The  probable  error  of  the  above  wave-length  may  be  said  to 
be  about  dz0.02  tenth-meters,  as  already  remarked.  Rowland's 
values  are  doubtless  more  accurate,  and  in  general  are  probably 
certain  to  two  places  of  decimals.  A  comparison  of  our  deter- 
minations nevertheless  yields  an  entirely  satisfactory  result,  the 
differences  exceeding  0.03  tenth-meters  only  in  a  few  cases. 
Among  431  lines  compared  the  following  differences  occur  the 
number  of  times  given  under  N. 


A 

N 

A 

N 

0.00  t.-m. 

80 

0.05  t.-m. 

23 

0.0 1 

120 

.06 

7 

.02 

85 

.07 

8 

•03 

75 

.08 

4 

.04 

29 

The  number  of  cases  where  the  deviation  exceeds  0.03  tenth- 
meters  constitutes  about  16  per  cent,  of  the  whole. 

In  Rowland's  catalogue  of  the  vanadium  lines  several  occur 
which  may  be  easily  recognized  as  due  to  foreign  impurities. 
In  the  following  table  I  have  collected  these  with  the  corresj:)ond- 
ing  values  of  the  wave-length  according  to  Kayser  and  Runge, 
or  myself,  the  estimates  of  intensity  by  Kavser  and  Runge, 
being  transformed  to  my  scale  : 
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Rowland 

Kayser  and  Rungc 

Hasselberg 

Elemenl 

A 

' 

A                          i 

A                        i 

363972 

I 

39-71 

6 

Pb 

83.00 

I 

83.60 

6 

Pb 

3706.17 

I 

06.16 

2.3 

Mn 

19-05 

I 

19.04 

2.3 

Mn 

3933-77 

3 

33-83 

6 

33.77 

— 

Ca 

44.13 

6 

44.16 

6 

A) 

61.65 

5 

61.68 

6 

AI 

68.59 

I 

68.63 

6 

68.62 

— 

Ca 

4035-19 

3 

33. 1« 

10 

Mn 

34-62 

2 

34-60 

10 

Mn 

5796 

I 

57-97 

6 

Pb 

77-«5 

I 

77.88 

6 

Sr 

4226.87 

4 

26.91 

6 

Ca 

4318-80 

2 

18.80 

5 

Ca 

4425-59 

I 

25.61 

6 

(a 

54-94 

I 

54  97 

6 

Ca 

56.07 

I 

56.08 

5 

Ca 

4501.41 

I 

01.42 

3 

Ti 

4715-49 

I 

15.46 

2 

Ti 

5424-28 

2 

24.27 

6 

Fe 

5535-66 

I 

35.69 

6 

Ba 

We  find  here  the  principal  lines  of  calcium  and  of  lead,  as 
well  as  of  aluminium,  and  among  those  lines  not  occurring  with 
me,  probably  a  few  other  lines  of  the  platinum  metals. 

I  have  already  remarked  that  vanadium  is  only  slightly  repre- 
sented in  the  general  solar  spectrum,  faint  absorption  lines  cor- 
responding only  to  the  strongest  lines  of  the  metal.  In  order  to 
give  a  survey  of  this  I  have  collected  in  the  following  table  all 
the  stronger  vanadium  lines  (i  ^  3  or  above)  along  with  the 
estimated  intensities  of  the  coinciding  solar  lines. 


Vanadium 

0 

Vanadium 

0 

Vanadium 

0 

A 

' 

A 

1 

A 

' 

353.3.85 

3 

I 

3818.37 

3 

2 

3998.87 

3 



3553.43 

3 

— 

28.66 

3.4 

2 

4057.21 

3 

— 

3673.55 

3 

I 

40.88 

3 

I 

90.70 

3 

1.2 

76.86 

3 

— 

55-50 

3 

2 

92.83 

3 

2 

80.26 

3 

? 

56.00 

4 

2 

95.64 

3 

I 

83-27 

3 

— 

65.02 

3-4 

2 

4099-93 

3.4 

2 

92.37 

3 

I 

75.22 

3 

2 

4102.32 

3 

I 

3696.00 

3 

I 

90.34 

3 

1.2 

05-32 

3 

1.2 

3703-71 

3.4 

2 

3893-03 

3 

— 

09-94 

3-4 

2.3 

04.85 

3 

1.2 

3902.40 

3.4 

2 

11-93 

4 

2.3 

3795-12 

3-4 

? 

10.01 

3 

2.3 

15-32 

3.4 

2 

.3813-63 

3 

? 

34-16 

3.4 

— 

16.65 

3 

1.2 
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Vanadium 

0 

Vanadium 

®/ 

Vanadium 

0 

A 

i 

A 

i 

A 

i 

4123.65 

3 

2 

4416.63 

3 

1  + 

4578.92 

3 

? 

2S.25 

.3.4 

2.3 

21.73 

3 

80.57 

4 

2 

32.14 

3-4 

2.3 

26.17 

3 

86.54 

4-5- 

I 

4i34.bo 

3-4 

2.3 

2S.67 

3 

.    459427 

4-5 

2 

4232.62 

3 

I 

29.95 

3 

— 

4770  66 

4 

— 

33-09 

3 

1.2 

36.31 

3-4 

76.54 

3 

1.2 

.^4-12 

3 

— 

38.02 

3.4 

4786.70 

3 

3 

6S.78 

3 

I 

41.88 

3.4 

1.2 

4807.70 

3-4 

I 

71.70 

3 

— 

44.40 

3-4 

27.62 

3-4 

I 

77- « 3 

3 

I 

52.19 

4 

31.80 

34 

1+ 

84.19 

3 

— 

59.65 

3.4 

3 

.^2.59 

3 

I 

42qi.q6 

3 

— 

59.93 

4 

2 

52-65 

4 

1.2 

430Q.9S 

3 

? 

60.47 

4.5 

2.3 

64.93 

4 

1.2 

30.18 

3 

I 

62. S6 

3-4 

— 

75.66 

4 

1  + 

32.98 

3 

I 

6q.88 

3-4 

— 

4881.75 

4 

1.2 

41-15 

3 

I 

74.8S 

3-4 

— 

4904-59 

3 

2 

';V02 

3.4 

I 

8Q.06 

3-4 

2 

5592-67 

3 

— 

79.38 

4-5 

2.3 

4496.26 

3 

— 

5627.86 

3-4 

I 

84.87 

4-5 

2.3 

4502.12 

3 

— 

71.10 

3-4 

? 

90.13 

4.4 

2 

24,42 

3 

— 

5698.74 

4 

? 

4^95.40 

4-5 

2 

45.60 

3-4 

? 

5703.83 

3-4 

I 

4400.74 

4 

1.2 

49.82 

3 

2-3 

07.26 

3-4 

1.2 

0680 

4-5 

2 

60.90 

3 

? 

27.25 

4 

1.2 

07.85 

4-5 

3 

71.96 

3 

— 

31.48 

.3-4 

— 

08.35 

4 

2 

77-36 

4 

I 

5737-28 

3 

— 

08.67 

4-5 

3 

It  cannot  be  doubted  from  this  table  that  vanadium  enters  into 
the  general  composition  of  the  solar  atmosphere,  but  apparently 
in  only  slight  quantities.  In  this  respect  the  conditions  are 
quite  different  from  those  prevailing  in  Sun-spots,  in  the  spectra 
of  which,  according  to  a  communication  by  Young,  many  lines 
of  vanadium  invisible  in  the  general  solar  spectrum  attain  a  con- 
siderable intensity  and  breadth.  The  occurrence  of  vanadium  in 
the  Sun  is  not  at  all  surprising  in  view  of  its  very  wide  dissemina- 
tion among  the  terrestrial  minerals,  and  this  adds  interest  to  the 
fact  that  the  metal  similarlv  enters  into  the  composition  of  a  num- 
ber of  meteorites.  I  have  frequently  had  opportunity  to  observe 
this  in  investigations  of  the  arc  spectra  of  these  bodies  on  which 
I  am  at  present  at  work.  I  shall  soon  report  more  fully  uj)on 
this  question. 


ON  THE  DEVIATIONS  FROM  TIIK  LAW  OF  RPXIPROC- 
ITY  FOR  BROMIDE  OF  SILVER  GELATINE.' 

By  K.  S  c  II  \v  A  R  z  s  c  n  i  i.  u. 

The  so-called  law  of  reciprocity  states  that  sources  of  light 
of  different  intensity  /  produce  an  equal  degree  of  blackening 
in  their  photographic  images  under  different  exposures  /  if  the 
product  /X  /  has  the  same  value  in  the  different  cases.  Labora- 
tory experiments  by  Abney,  Miethe,  and  Michalke  have  demon- 
strated that  there  are  deviations  from  the  law  of  reciprocity. 
These,  however,  reveal  themselves  most  clearly  in  astrojjhoto- 
graphic  work.  Scheiner,  in  1891,  proved  that  the  increase  in 
the  number  of  fainter  stars  on  prolonging  the  exposure  fell  far 
below  what  would  be  expected  according  to  the  law  of  reciproc- 
ity. In  determinations  of  stellar  brightness  by  the  photographic 
method  I  have  recently  been  able  to  confirm  once  more  the 
existence  of  such  deviations,  and  to  follow  them  up  in  a  quanti- 
tive  way,  and  to  express  them  in  the  following  rule,  which  should 
replace  the  law  of  reciprocity  :  Sources  of  light  of  different 
intensity  /cause  the  same  degree  of  blackening  under  different 
exposures  /  if  the  products /X  Z""*^^  are  equal.  In  these  experi- 
ments Schleussner's  gelatine  emulsion  plates  were  employed. 
The  exposures  ranged  from  3  to  5000  seconds,  the  intensity 
from  one  to  a  thousandfold,  the  blackening  from  the  slightest 
degree  up  to  almost  complete  opacity. 

The  results  of  a  research  by  A.  Schellen^  are  contradictory 
to  the  above  result,  as  he  found  the  law  of  reciprocity  exactly 
confirmed  for  these  same  Schleussner  plates,  although  this  was 
after  he  had  brought  them  to  the  maximum  of  a  [jrcliminary  e.xj)o- 
sure.  The  contradiction  cannot  be  explained,  however,  by  the 
absence  of  a  preliminary    exposure    in    my    experiments,    as    I 

^  Photographische  Correspondenz,  1899. 

^"Ueberdie  Gilligkeit  des  Bunsen-Roscoe'schen  Gesetzes  fur  Bromsilbergelatine." 
Miinster,  1898. 
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obtained  tlie  same  deviations  for  slight  as  for  heavy  degrees  of 
blackeninu;',  and  an  appreciable  effect  of  preliminary  exposure  on 
intense  blackenino^  is  not  to  be  thought  of. 

It  was  therefore  desirable  to  repeat  the  laboratory  experi- 
ments. This  was  made  possible  by  the  courtesy  of  M.  Eder, 
who  placed  at  my  disposal  the  necessary  appliances  in  the  k.  k. 
graphische  Lehr  tind  Vcrstichsanstalt,  and  assisted  me  with  many  sug- 
gestions. The  procedure  consisted  simph- in  making  plates  with 
different  (continuous)  exposures  at  differewt  distances  from  the 
normal  benzine  lamp  which  is  used  with  the  Scheiner  sensitom- 
■eter.  All  of  the  pNtes  to  be  compared  were  cut  from  the  same 
plate  and  were  developed  in  the  same  bath  at  the  same  time. 

It  will  suffice  here  to  give  a  specimen  of  the  results.'  Equal 
degrees  of  blackening  were  produced  in  one  series  of  experiments 
bv  the  following  combinations  of  intensity  /and  the  exposure/.- 

I  2 

/  =    8i  /  =      I 

/  —  4.8  sees.  /  =  785  sees. 

/X/       =389  /x/       =785 

/  X  /  °-^*  =  312  /  X  t°-^  =  309 

We  see  how  striking  the  deviation  is  from  the  law  of  reci- 
procity. On  diminishing  the  intensity  to  j^Y'  twice  the  amount 
of  light  is  necessary  to  produce  the  same  blackening.  The 
products /X /°'^,  on  the  contrary,  come  out  equal  within  the 
limits  of  the  errors  of  observation.  For  the  intensity  i  the  first 
trace  of  blackening  appeared  with  an  exposure  of  10  seconds, 
A  preliminary  exposure  of  this  amount  did  not  alter  the  results 
of  the  experiment,  as  was  expected,  and  the  most  dissimilar 
developers  gave  the  same  deviation. 

Thus  the  laboratory  experiments,  confirm  the  formula  found 
from  the  star  plates.  The  bromide  of  silver  gelatine  investi- 
gated had  also  the  property  of  employing  so  much  the  less  of 
the  incident  energy  for  the  photographic  work,  the  slower  the 
influx   of   energy.     The    diminution   of   the   action  of  the   light 

'  The  detailed  account  of  my  experiments  will  soon  appear  in  the  publication  of 
the  von  Kuffner  Observatory. 
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under  intermittent  exposure,  which  has  been  noticed  by  Abney 
and  more  recently  by  R.  Englisch,  and  which  I  also  found  for 
these  highly  sensitive  j^lates,  is  connected  with  this.  In  asinij)le 
experiment  with  the  aid  of  Scheiner's  sensitometer '  equal  degrees 
of  blackening  were  produced  by 
continuous  exposures  of 

96,  72,  48,  24,  12  sees.: 
and  intermittent  exposures  of 

99,  80,  54,  30,  16.5  sees. 
Here  the  single  durations  of  exposure  were  to  the  period  of  inter 

ruption,  as 

I  :  2.5  ;    I  :  3.1  ;    i  :  4.6  ;    i  :  8.2  ;    i  :  15.0. 

The  following  illustration,  which  may  be  useful  as  a  "  mechan- 
ical analogy"  for  the  further  discovery  and  formulation  of  the 
laws  applying  here,  is  intended  to  exhibit  the  peculiar  behavior 
of  the  plate :  Suppose  that  a  kite,  instead  of  being  held  by  the 
cord,  carries  a  rather  heavy  rope,  the  end  of  which  trails  over  the 
ground.  If  the  wind  is  strong  (corresponding  to  a  strong 
intensity  of  light)  the  kite  will  rise  high,  only  a  short  portion  of 
the  rope  will  remain  on  the  ground,  and  the  kite  will  fly  rapidly 
before  the  wind  without  much  friction  for  a  long  distance  (cor- 
responding to  a  strong  degree  of  blackening).  If,  on  the  con- 
trary, the  wind  is  light,  the  kite  will  remain  low  and  the  slight 
energy  of  the  wind  will  be  for  the  most  part  lost  in  the  friction 
of  the  long  extent  of  the  rope  lying  on  the  ground.  If  the  wind  is 
intermittent  the  kite  has  so  much  more  time  to  settle  down  after 
every  rise,  and  the  motion  will  be  accompanied  on  the  average  by 
the  greater  friction  the  longer  the  intervals  between  gusts  of 
wind  (corresponding  to  the  behavior  of  the  plate  under  inter- 
mittent illumination.) 

Von  Kuffner'schen  Stf.rnwarte, 
WienOttakring. 

'  This  consists  of  a  rotating  disk,  from  which  portions  have  been  cut  out  so  as  to 
allow  the  light  to  fall  on  the  plate  only  during  a  definite  fraction  of  a  revolution. 


ON  THE  EFFECT  OF  INTERMITTENT  EXPOSURE  ON 
BROMIDE  OF  SILVER  GELATINE. 

By    K.    S  C  II  \V  A  R  Z  S  C  H  1  I.  I».' 

An  intermittent  exposure  can  be  varied  in  the  four  following 
ways,  with  the  limitation  that  the  source  of  light  is  constant 
during  the  experiment  and  the  interruptions  of  the  exposure  are 
of  uniform  interval : 

I.  By  the  change  of  the  ratio  of  the  pause  to  the  single 
exposure  q. 

2  By  the  change  of  the  single  exposure  and  the  following 
pause  taken  together  /. 

3.  By  the  change  of  the  effective  intensity  of  the  light/. 

4.  By  the  change  of  the  total  duration  from  the  first  to  the 
last  exposure  T. 

These  four  quantities,  which  were  thus  selected  for  the  con- 
venience of  explanation,  yield  all  the  others  which  might  subse- 
(juently  be  of  interest,  as  for  instance  : 

The  duration  of  the  single  exposure,   /.  = — ; —  ; 

tq 
The  duration  of  the  pause,  4  = — ; —  ; 
'  I  +  ^ 

T 

The  sum  of  the  exposures,  T^  =  — , —  ; 
'  I  +  ^ 

T 
The  number  of  interruptions,  «  ^=  y . 

The  effect  of  intermittent  exposure  has  been  investigated  for 
the  bromide  of  silver  gelatine  emulsions  of  C.  Schleussner  in 
these  fourfold  relations. 

The  series  of  experiments  A  was  carried  out  with  the  aid  of 
the  Scheiner  sensitometer  of  the  k.k.  graphische  Lelir-  iind  Ver- 
suchsansta/^  which  was  most  kindly  placed  at  my  disposal  for  this 
purpose  by  M.  Eder.  In  this  instrument,  as  is  well  known,  a  disk 
rotates  between  the  source  of   light    and  the   plate  with   sections 

^  Photographische  Correspondenz,  1899. 
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cut  out  of  different  breadth  which  are  numbered  and  so  calcu- 
lated that  the  ratio  q  of  the  covered  portions  of  the  circuit  to  tiie 
free  part,  and  hence  the  ratio  of  the  pause  to  the  single  exposure, 
is  determined  by  the  formula 

q=  i.28'*+s_i. 

The  normal  benzine  lamp  belonging  to  the  sensitometer  was 
always  placed  at  a  distance  of  i  meter  (intensity  of  light/-- i), 
and  the  period  of  revolution  of  the  disk,  which  was  the  same  as 
the  duration  t  of  the  pause  plus  the  single  exposure,  always 
amounted  to  0.08  sees.  In  the  first  series  of  experiments y  and 
/  were  therefore  constant.  But  q  on  the  contrary  varied  for  the 
different  sections  cut  out  of  the  disk,  and  the  total  duration  of 
exposure  7" was  varied  from  i  minute  to  12  minutes,  so  that  from 
720  to  8400  interruptions  took  place.  One  experiment  ran  as 
follows:  A  strip  of  the  plate  received  a  series  of  continuous 
exposures.  Another  strip  of  the  same  plate  was  illuminated  for 
a  certain  time  7"  through  the  rotating  sensitometer  disk,  and  then 
had  a  numerical  scale  of  degrees  of  blackening.  It  could  be 
easily  calculated  from  the  above  formula  to  which  sensitometer 
number  each  continuous  exposure  would  have  to  correspond,  if 
it  depended  only  on  the  sum  total  of  the  time  of  exposure,  and 
the  interruption  made  no  difference.  In  fact  equality  was 
observed  to  exist  between  the  continuous  exposure  and  a  sensi- 
tometer number  different  from  the  calculated  one  ;  in  case  of 
only  approximate  equality  the  deviation  being  estimated  in 
tenths  of  the  scale  interval.  For  example,  in  one  experiment  I 
gave  the  first  plate  the  following  continuous  exposures  T^  and 
illuminated  the  second  plate  for  4  minutes  in  the  sensitometer. 
The  calculated  sensitometer  number  is  given  under  iV,  the 
observed  under  N' . 


7", 

N 

N' 

N-N 

28.8  S. 

3-9 

3-6 

0.3 

14.4 

6.8 

5.8 

I.O 

7.2 

9-7 

8.2 

••5 

4.8 

II-3 

9-5 

i.S 

2.4 

14.2 

12.4 

1.8 
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The  result  of  the  entire  series  of  such  experiments  is  col- 
lected in  the  following  table.  The  one  ari^ument  is  q,  the  ratio 
of  the  pause  to  the  exposure,  the  other  is  the  total  exposure  T 
in  the  sensitonicter.  The  difference  N—N'  between  the  calcu 
lated  and  the  observed  sensitometer  number  is  given.  A  [positive 
number  indicates  a  stronger  action  of  the  continuous  exposure 
than  the  intermittent  exposure.  A  negative  number  indicates  a 
weaker  action.  It  should  be  remarked,  further,  that  a  fulling 
off  of  I  sensitometer  number  corresponds  to  a  loss  of  something 
like  25  per  cent,  of  the  luminous  energy. 


1 

T= 

I  m 

2  m 

4m 

6  m 

12  m 

Mean 

1-5 

—0.3 

—  O.I 

— O.I 

— 0.2 

4 

O.I 

—O.I 

— 0.2 

— O.I 

6.5 

0.5 

O.I 

0.3 

O.I 

—0.4 

+0.1 

14 

0.9 

06 

1.0 

0.5 

0.6 

0.7 

24 

0.9 

I.O 

1.6 

1.2 

'■3 

1.2 

60 

1.2 

1.8 

17 

2.0 

1-7 

130 

••5 

2.5 

2.0 

260 

2-3 

2.3 

Result:  (i)  The  effect  of  the  intermittent  action  depends 
for  a  given  q  not  at  all  or  very  little  on  the  duration  7"  of  the 
whole  exposure  in  the  sensitometer.  Since  the  blackening 
increases  with  the  duration  of  exposure  for  each  separate  q,  for 
each  sensitom.eter  number,  we  see  that  the  degree  of  the  final 
blackening  is  of  slight  importance  in  the  phenomenon.  We  are 
always  concerned  here,  moreover,  WMth  the  region  of  medium 
degrees  of  blackening  only,  since  the  very  strong  degrees  of 
blackening  are  too  uncertain  for  comparison,  and  the  very  weak- 
est are  too  much  affected  by  accidental  preliminary  exposure  of 
the  plate.  We  may,  therefore,  take  the  mean  of  the  values  of 
each  horizontal  line  and  find:  (2)  the  effect  increases  with  ^. 
The  intermittent  exposure  falls  further  behind  the  corresponding 
continuous  exposure,  the  longer  the  pause  is  in  proportion  to  the 
single  exposure.  The  small  negative  values  for  a  small  q,  which 
would  indicate  a  stronger  action  of  the  intermittent  than  a  con- 
tinuous exposure,  are  to  be  assigned  to  errors  in  the  experiment, 
and  only  show  that  if  the  pause    is    not   much    longer   than    the 
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duration  of  the  single  exposure  as  many  as  8400  interruj)tions 
(for  T=\2  min.)  exert  no  demonstrable  effect. 

Strictly  this  same  series  of  experiments  should  now  be  per- 
formed for  all  other  possible  systems  of  values  of  the  intensity 
J  and  durations  /  of  single  exj)osure  plus  pause.  Two  sim|^lifica- 
tions,  however,  may  be  permitted.  We  may  generalize  a  prion 
that  it  would  not  depend  on  the  final  degree  of  blackening  for 
the  other  values  of /and  /,  and  can  therefore  limit  ourselves  to 
the  test  of  a  single  blackening,  which  of  course  should  be  chosen 
of  medium  degree.  Secondly  we  need  not  test  all  the  ratios  q 
of  pause  to  exposure  since  the  general  increase  of  effect  with 
rise  in  q  is  recognized,  but  we  may  limit  ourselves  to  two  extreme 
cases,  for  which  I  have  selected  q  =  i  (pause  equals  duration  of 
single  exposure)  and  q  =  23. 

Series  B.  q  ^=l  i.  With  the  assistance  of  gears  different 
velocities  of  rotation  could  be  communicated  b}'  clockwork  (a 
chronograph  of  the  von  Kuffner  Observatory)  to  a  disk  from 
which  twelve  sectors  of  15  aperture  at  ecjual  intervals  were  cut 
out.  The  lamp  was  set  up  at  a  definite  distance,  and  acted  on 
the  plate  for  a  certain  period  with  the  rotating  disk  intervening 
and  then  for  half  the  time  without  the  disk,  so  that  the  sum  of 
the  exposure  times  was  ecjual  in  the  two  cases.  The  degrees  of 
blackening  obtained  were  both  estimated  on  a  scale  obtained 
with  the  Scheiner  sensitometer  and  the  difference  of  the  esti- 
mates was  taken.  The  following  table  with  double  argument 
gives  the  differences  which  were  obtained  in  a  series  of  experi- 
ments with  different  intensity/  (distance  of  lamp  40,  lOO,  200, 
450  cm)  and  with  different  velocities  of  rotation  of  the  disk. 
Instead  of  the  time  of  revolution  its  twelfth  part  is  directly  given 
under  /,  which  expresses  the  sum  of  the  single  exposure  and 
pause.  Positive  numbers  indicate  as  above  a  stronger  degree  of 
blackening  by  continuous  exposure. 

0.02^  0.2  — 0.1  0.5 

0.4  0.0  0.3 

1.8  0.3  0.1  0.4 

3.2  0.3  0.0 

6.4  0.1 
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Rosuli.  For  very  different  intensities  and  durations  of  a 
single  exposure  (4  =  -  )  only  a  very  slight  effect  of  the  intcr- 
mittence  is  indicated,  on  the  average  a  diminution  of  0.2  sensi- 
tometer  numbers.  Therefore  if  the  pause  is  of  the  same  length 
as  the  single  exposure  no  appreciable  effect  is  lost  under  the 
conditions  here  obtained.  It  is  to  be  noted  that  the  last  three 
experiments  (/  =  3.2  s  and  6.4;  therefore  the  single  exposures  of 
1.6  and  3.2  sees.)  were  performed  without  the  rotating  disk  by 
illumination  with  the  hand  according  to  a  clock  which  beat  fifths 
of  a  second.  These  prove  therefore  only  that  exposures  from 
one  to  two  seconds  can  be  exactly  made  by  hand. 

Series  C.  ^  =  23.  This  series  ran  like  the  others  except  that 
a  disk  was  used  which  had  only  one  sector  cut  out  of  15'  and 
the  continuous  exposure  therefore  had  to  be  \  of  the  exposure 
with  the  rotating  disk  to  produce  an  equal  total  duration  of 
exposui^L".  The  following  table  gives  the  result  of  the  experi- 
ments in  this  same  way  as  before.  The  argument  /,  the  sum  of 
the  pause  and  the  exposure,  correspond  here  directly  to  the  time 
of  rotation  of  the  disk.  The  last  experiments  for  ^'  =  38  sees. 
were  carried  out  by  illumination  with  the  hand,  but  may  be 
regarded  from  what  has  been  found  before  as  sufficiently  certain. 

Result.      With   a  pause   twenty-three  times   longer   than   the 

single  exposure  a  heavy  loss   of  luminous   energy  up  to  40  per 

cent,    (corresponding    to    two    numbers    of     the    sensitometer) 

occurs.      The    loss    is   the    greater,    the   cpiicker   the   velocity    of 

rotation,    the   shorter   the   single    exposure,    and    an    equal    loss 

occurs  with  a  slower  rotation   and   longer  single   exposure  if  the 

intensity   falls.      Following   up  the   behavior    of   this-  last  more 

closely,  we    find   at   intensity  4  a  loss  of    I  sensitometer   number 

for  a  rotation  in  /— 0.8  sees.,  corresponding  to  a  single  exposure 

of  0.033  -'^ecs.     With  intensity  of  gL  we  find  the  same  loss  for  a 

rotation  of  about  50  sees,  corresponding  to  a  single  exposure  of 

2.1  sees.     The  quantity  of  luminous  energy  introduced  during  the 

single  exposure   is  measured  in  the  first  case  by  4  X  O.033  =0.13, 

2.1 
and  in  the  second  case   by  the  closely  similar  value  —  —  O.io. 
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Therefore  with  varying  intensity  the  same  loss  will  occur 
when  the  amount  of  light  introduced  during  the  single  exposure 
is  the  same.  If  this  cjuantity  reaches  the  so-called  limiting  value, 
the  value  which  of  itself  produces  a  barely  appreciable  blacken- 
ing, there  will  remain  only  a  slight  weakening  of  about  0.5 
sensitometcr  units  (12  |)er  cent.)  in  consequence  of  the  inter- 
mittence.  For  the  4  intensities  this  limiting  value  is  respectively 
0.1,  0.5,  2.5,  15  sees.  Multiph'ing  by  24  we  obtain  2.5,  12,  60, 
and  360  sees.,  and  if  we  enter  the  table  with  these  values  of  / 
for  the  4  intensities,  we  shall  find  on  the  average  the  above 
loss  of  0.5  sensitometer  numbers.  We  further  see  that  the 
effect  of  the  intermittence  almost  wholly  disajjj)ears  if  the 
single  exposure  exceeds  the  limiting  value  by  a  multij)le,  and 
that  it  does  not  attain  large  values  until  the  single  exjiosure 
falls  far  below  the  limiting  value. 

With  this  all  the  variations  of  the  intermittence  have  been 
experimented  ujjon,  and  we  reach  the  following  conclusion. 
The  effect  of  the  intermittence  depends  upon  two  instead  of  four 
quantities;  first,  upon  the  ratio  of  the  pause  to  the  duration  of 
the  single  exposure  —  the  longer  the  proportion  of  pause  the 
greater  the  weakening  ;  and  secondly,  on  the  quantity  of  light 
which  the  single  exposure  sends  to  the  plate.  A  definite  ratio 
of  the  pause  to  the  single  exj:)osure  produces  more  weakening 
the  further  the  quantity  of  light  lies  below  the  limiting  value. 
On  the  other  hand  no  appreciable  influence  is  due  to  the  degree 
of  the  blackening  and  the  absolute  magnitude  of  the  exposure 
time,  or  the  luminous  intensity  taken  by  itself. 

The  derivation  of  a  quantitive  formula  from  the  above  figures 
cannot  be  ventured,  since  the  determination  of  the  blackening 
by  estimation  on  a  scale  must  be  considered  a  rather  rough 
procedure  in  comparison  with  the  delicacy  of  these  effects. 
The  qualitive  character  of  the  results,  however,  seems  to  be 
substantial,  and  is  further  confirmed  by  the  experiments  made 
several  years  ago  by  Abney.'  He  found  that  the  retardation 
of  the  blackening  under  intermittent    exposure    was   the   more 
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j)ronounccd  the  Ioniser  the  i);uisc  in  coni])arison  to  the  single 
exposure,  tlie  quicker  the  rotation  ot  the  disks  eni])loved,  and 
the  less  the  light  intensity.  Therefore  if  the  intensity  becomes 
stronger  and  hence  tiie  dc\iation  less,  we  can  evidently  increase 
the  deviation  up  to  its  original  amount  by  raising  the  velocity 
of  rotation,  so  that  from  Abney's  experiments  also  the  result, 
aside  from  the  ratio  of  the  pause  to  the  duration  of  exjjosure, 
must  chiefly  depend  ujjon  the  (|uantity  of  light  admitted  in  the 
single  exposure.  Abney's  experiments  differ  frtmi  those  given 
above  in  that  slow  plates  and  shorter  single  exposures  were 
employed.  The  more  recent  experiments  of  R.  Englisch  '  would 
seem  to  indicate  an  effect  of  the  same  character. 

The  following  ex|)eriment,  which  is  included  in  the  last 
table,  is  the  most  remarkable,  and  at  the  same  time  easiest  to 
rejjeat.  Let  a  fairly  constant  light  be  moved  so  far  from  the 
plate  that  in  15  sees,  the  first  trace  of  a  fog  is  jjroduced  (in 
the  above  case  450cm)  and  with  the  eve  on  the  watch  exjjose 
with  the  hand  and  interrupt  alternately  3  sees,  and  rejjeat  this 
twenty  times.  At  another  place  illuminate  twenty  times  for  3 
sees,  with  pauses  of  i  minute.  The  second  exposure  will 
develop  a  markedly  less  degree  of  blackening  than  the  first  (in 
the  above  case  i  unit  of  the  sensitometer)  in  spite  of  the 
equality  of  the  total  time  of  exposure.  From  this  we  mav  con- 
clude that  the  process  of  weakening  develops  in  a  peculiarly 
slow  manner  in  that  it  must  complete  its  action  wholly,  or  for 
the  greater  part,  in  the  period  from  3  sees,  to  i  minute  after 
the  cessation  of  the  exposure.  It  is  particularly  in  view  of  this 
fact  that  it  appears  a  quite  difficult  problem  to  explain  the 
action  of  the  intermittent  illumination  by  other  than  an  artificial 
hypothesis. 

Remarks  on  the  Scheiner  sensitometer.  It  has  been  shown 
above  that  the  action  of  a  rotating  disk  itself  changes  with  the 
velocity  of  rotation.  In  Scheiner's  sensitometer  the  rotation 
is  produced  by  hand,  and  is  therefore  not  entirely  uniform. 
Nevertheless    the   variation   of  the   action   with    the   \elocity   of 
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rotiition  is  so  slow  thai  the  altcrati  )ns  which  could  be  obtained 
b)'  hand  rotation  anyhow  must  remain  ina])|)reciable,  according 
to  the  above  figures,  and  according-  to  experiments  of  m\'  own 
this  is  the  case. 

The  ditlerence  in  the  action  of  continuous  and  intermittent 
exjjosure  has,  however,  the  further  consequence  that  the  original 
intention  of  this  sensitometer,  of  constructing  an  accurate 
scale  of  exposure  times  at  constant  light  intensity,  cannot  be 
obtained  with  the  rotating  disk.  The  higher  numbers  are  too 
much  weakened  by  relatively  longer  pauses.  If,  however,  we 
should  construct  a  scale  of  intensities  by  weakening  the  light  m 
definite  ratio,  as,  for  instance,  in  the  Warnerke  sensitometer, 
instead  of  a  scale  of  exposure  time,  this  would  deviate  in  an 
equal  sense  from  the  precise  scale  of  the  times  of  exposure,  as 
the  scale  of  Scheiner's  sensitometer  ;  for,  in  consequence  of  the 
deviation  of  the  reciprocity  law  above  ])roven,  a  diminution  of  the 
intensity  will  produce  a  less  blackening  in  the  same  ])roportion 
as  a  shortening  of  the  exposure,  and  the  higher  numbers  of  the 
scale  of  intensity  will  again  come  out  less  than  those  of  the 
exact  time  scale. 

The  most  suitable  thing  in  practice  is  properly  something 
intermediate  between  a  scale  of  time  and  a  scale  of  intensity, 
because  we  have  to  deal  neither  with  constant  intensities  nor 
constant  exposures,  as,  for  instance,  highly  sensitive  plates 
are  used  now  for  instantaneous  j)ictures  of  bright  objects,  and 
again  for  long  exposures  of  faint  objects.  Scheiner's  sensitom- 
eter therefore  furnishes  in  general  suitable  data  as  to  sensitive- 
ness in  practice  just  on  account  of  its  tendency  from  the  time 
scale  to  the  intensity  scale  which  the  intermittent  exposure  intro- 
duces. If  the  theoretical  meaning  of  these  data  does  remain 
perhaps  indefinite  and  certainly  complicated,  it  should  be  remem- 
bered that  an  exact  determination  of  sensitiveness  cannot  be 
expressed  by  a  single  number  in  consequence  of  the  deviation 
from  the  law  of  reciprocity  and  the  different  tirades  of  plates. 
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CHANGE   IN  TIME  OF  PUBLICATION. 

The  attention  of  subscribers  to  the  Astrophysical  Journal  is 
called  to  the  fact  that  hereafter  the  February  and  August  numbers  of 
each  year  will  be  omitted,  instead  of  the  July  and  September  numbers. 
as  formerly.  Thus  the  first  volume  ot  each  year  will  consist  of  the 
January,  March,  April,  May,  and  June  numbers,  while  the  July,  Sep- 
tember, October,  November,  and  December  numbers  will  constitute 
the  second  volume. 


THE    GREAT    REFRACTOR    OF    THE    POTSDAM 
ASTROPHYSICAL    OBSERV.VFORY.' 

The  recent  dedication  of  the  great  refractor  of  the  Potsdam 
Observatory  was  an  event  of  the  first  importance  in  the  progress  of 
astrophysics.  The  principal  address  on  this  occasion  was  that  of 
Director  Vogel,  who  reviewed  the  advances  which  have  been  made  in 
the  determination  of  stellar  motions  in  the  line  of  sight,  and  referred 
to  the  important  contributions  to  this  work  which  we  owe  to  the  Pots 
dam  Observatory.  After  Professor  Vogel's  address,  the  motions  of  the 
telescope  and  dome  were  explained  and  demonstrated  by  Professor 
Scheiner.  The  telescope  has  two  objectives,  one  of  So  cm  aperture 
and  12  m  focal  length,  and  another  of  50  cm  aperture  and  12%  m.  focal 
length.  Both  objectives,  for  which  the  glass  was  furnished  by  Schoit 
&  Co.,  of  Jena,  were  made  by  C.  A.  Steinheil  Sons,  of  Munich  ;  the 
larger  of  the  two  is  corrected  for  the  actinic  rays,  the  smaller  for  the 
visual  rays.  The  mounting  by  A.  Repsold  &  Sons,  of  Hamburg,  is  of 
the  so-called  German  form  as  modified  by  Repsold  ;  the  motions  of  the 
telescope  in  both  coordinates  are  easily  effected  from  the  floor  by  means 
of  two  hand  wheels  supported  on  the  column  of  the  instrument.  The 
weight  of  the  moving  parts  is  about  7000  kg. 

'See  frontispiece. 
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The  dome  is  22  111  in  diameter  and  iSm  high.  The  iron  construc- 
tion of  the  hemispherical  movable  part  is  by  Bretschneider  and  Kriig- 
ner,  of  Pankow;  the  inner  lining  of  wood  was  put  in  place  by  Joester, 
of  Potsdam.  It  rests  on  a  system  of  twenty  trucks,  each  containing 
three  wheels,  of  which  the  middle  one  bears  the  dome,  while  the  outer 
ones  run  on  a  track  fastened  to  the  masonry.  The  rotation  of  the 
dorr.e,  in  which  a  weight  of  200,000  kg  is  set  in  motion,  can  be  effected 
by  hand,  without  great  labor,  although  very  slowly;  by  the  aid  of 
electricity  a  complete  revolution  can  be  accomplished  in  five  minutes. 
The  driving  mechanism  was  made  by  the  firm  of  C.  Hoppe,  which  also 
furnished  the  very  ingeniously  constructed  movable  platform  for  the 
observer.  This  movable  platform,  which  was  first  suggested  by  Dr.  J. 
Repsold,  is  suspended  from  the  dome,  with  which  it  moves,  directly 
opposite  the  observing  slit.  It  can  also  be  moved  independentlv 
through  a  limited  distance  to  the  right  and  left.  The  stage  on  which 
the  observer  stands  moves  up  or  down  on  an  inclined  plane.  This 
motion  can  be  effected  by  hand,  or  with  great  ease  from  the  platform 
itself  by  means  of  electric  motors.  The  opening  in  the  dome  has  a 
width  of  33^  m  and  extends  1 3^  m  beyond  the  zenith.  The  shutter 
can  be  operated  by  hand  from  a  gallery  on  the  inner  wall  of  the  tower 
or  electrically  from  the  observing  platform.  The  lower  part  of  the 
opening  can  be  closed  by  means  of  two  screens  5  m  high,  which  are 
moved  outward  from  the  middle  of  the  slit. 

We  are  informed  that  the  preliminary  tests  of  the  two  spectro- 
graphs constructed  for  the  new  telescope  by  Toepfer  have  been  in 
every  respect  satisfactory.  It  may  be  expected  that  the  great  work  of 
determining  the  motions  in  the  line  of  sight  of  some  five  hundred 
stars,  for  which  the  telescope  is  specially  designed,  will  soon  be  in 
progress. 
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The  scope  of  the  AsTROPHVbiCAL  Journal  includes  all  investigations  of 
radiant  energy,  whether  conducted^in  the  observatory  or  in  the  laboratory. 
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AN  ATTEMPT  TO  TEST  THE  NEBULAR  HYPOTHESIS 
BY  AN  APPEAL  TO  THE  LAWS  OF  DYNAMICS. 

By  F.  R.  M  o  u  L  T  o  N. 

I.  Introduction.  —  One  of  the  boldest  and  most  attractive 
speculations  ever  offered  in  any  science  is  beyond  a  doubt  the 
hypothesis  of  the  development  of  the  solar  system  from  a  vastly 
extended  nebula,  which  was  formulated  by  Laplace  a  little  more 
than  a  century  ago.  His  unparalleled  researches  on  the  mechani- 
cal causes  of  the  forms  and  intricate  movements  of  the  planets 
and  satellites,  and  his  unprecedented  success  in  employing  the 
law  of  gravitation  as  an  instrument  of  investigation,  gave  him  a 
deep  faith  in  the  sufficiency  of  Newton's  law  for  the  explanation 
of  all  the  facts  relating  to  the  present  constitution  and  past 
development  of  the  solar  system.  He  was  struck  by  the  really 
remarkable  circumstance  that  all  of  the  bodies  of  the  system, 
both  planets  and  satellites,  so  far  as  had  then  been  determined, 
moved  in  nearly  the  same  plane,  and  revolved  and  rotated  in  the 
same  direction.  He  came  forward  with  an  array  of  figures 
derived   from   the  Theory   of  Probability  showing    that  such   a 
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number  ot  j)ractical  coincidences  in  so  few  chances  could  hap- 
pen, at  hazard,  but  once  in  countless  millions  of  times.  He  con- 
cluded that  the  j^resent  arrani^^cment  is  not  fortuitous,  but  that  it 
has  had  its  cause  in  the  orii^inal  dynamical  relations  of  the  sys- 
tem and  the  laws  that  have  been  operating  upon  it.  It  must  be 
remarked,  however,  that  he  propounded  his  hypothesis  with 
"  that  distrust  which  everything  ought  to  inspire  that  is  not  the 
result  of  observation  or  calculation." 

Perhaps  no  other  theory  in  the  natural  sciences,  which  has 
not  been  rigorously  demonstrated  to  be  true,  has  found  so  speedy 
and  unanimous  acce})tance,  or  has  stood  so  long  without  radical 
modifications.  This  is  all  the  more  noteworthy  since  it  was  the 
first  explicit  formulation  of  the  theory  of  evolution,  a  theory 
which  has  been  so  hotly  contested  in  other  fields  of  thought.  It 
has  exercised  a  marked  influence  on  most  of  the  speculations  in 
geology  and  astronomy  until  the  present  day.  It  has  been 
accepted  with  a  few  slight  modifications  almost  without  question 
by  the  highest  authorities,  as  Helmholtz,  Kelvin,  Newcomb,  and  , 
Darwin,  and  it  has  been  made  the  basis  for  the  most  sweeping 
conclusions.  It  has  held  such  a  dominant  sway  over  the 
thoughts  of  investigators  in  the  field  of  the  grosser  modes  of 
inorganic  evolution  that  doubtless  in  many  instances  facts  have 
been  warped  and  perverted,  and  questionable  methods  of  reason- 
ing employed,  in  order  to  bring  experience  into  harmony  with  it. 
But  this  is  an  age  characterized  by  a  critical  attitude  toward 
fundamental  assumptions  in  all  fields. 

In  this  paper  it  is  proposed  to  question  the  exactness  of  the 
Laplacian  hypothesis,  not  only  in  its  original  form,  but  also  as 
modified  by  the  discovery  of  new  members  of  the  solar  system, 
and  by  the  establishment  of  the  law  of  the  conservation  of  energy. 
In  particular,  the  inquiry  will  be  raised  whether  it  is  compatible 
with  the  fundamental  laws  of  dynamics. 

The  methods  of  testing  the  theory  will  be  divided  into  three 
categories:  (I)  comparison  of  observed  phenomena  with  those 
which  result  from  the  expressed  or  implied  conditions  maintained 
by  the  hypothesis ;    (II)   answers  to  the  question    whether  the 
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supposed  initial  conditions  could  have  dcvclojjed  into  the  exist- 
ing system  ;  (HI  j  com[)arison  of  those  properties  of  the  supj^osed 
initial  system  with  the  one  now  existing,  which  are  invariant 
under  all  changes  resulting  from  the  action  of  internal  forces. 

The  first  category  will  contain  the  objections  which  have 
been  usually  cited  as  contradicting  the  theory,  and  some  new 
ones  of  the  same  type.  The  second  category  will  deal  with 
problems  which  are  of  the  very  greatest  dif^culty  when  we 
attempt  to  restrict  ourselves  to  rigorous  reasoning,  and  the 
results  obtained  are  not  all  that  could  be  desired ;  yet  it  is 
believed  that  they  are  sufficient  to  be  of  considerable  interest. 
The  troubles  arise  in  attempting  to  prove  that  certain  things 
cannot  take  j:)lace  in  any  time,  however  long.  Mathematically 
stated,  it  is  difificult  to  find  solutions  of  the  differential  equations 
involved  which  are  uniformly  convergent  for  all  values  of  the 
time.  The  third  category  will  make  a  comparison  of  those  prop- 
erties which  must  remain  constant.  They  arc  defined  by  i7ite- 
grals  instead  of  by  solutions,  as  in  the  former  case,  and  have  the 
important  property  of  being  independent  of  the  time.  They  are 
such  as  the  mass  of  the  system,  the  invariability  of  the  plane  of 
maximum  areas,  and  the  constancy  of  the  moment  of  momentum. 

In  carrying  out  the  numerical  work  involved  some  approxi- 
mations have  been  made  for  the  sake  of  simplicity,  but  it  will  be 
noticed  that  in  every  instance  they  have  been  chosen  in  such  a 
manner  that  they  favor  the  validity  of  the  nebular  theory.  It 
follows,  therefore,  that  the  adverse  conclusions  arrived  at  are 
just  as  certain,  so  far  as  their  bearing  on  the  theory  is  concerned, 
as  though  numerical  exactness  had  been  insisted  upon  through- 
out. 

The  results  contained  in  this  paper  have  been  arrived  at 
jointly  by  Professor  T.  C.  Chamberlin  and  myself  as  the  result 
of  a  more  or  less  continuous  study  of  the  subject  during  the  last 
three  years.  In  this  time  we  have  had  many  conversations  in 
regard  to  this  field  of  science  where  geology  and  astronomy 
meet.  Our  exchanges  of  ideas  have  been  so  frequent  and  so 
complete  that  it  is  not  possible  to  divide  the  responsibility  for 
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the  various  mctliotls  of  attack,  and  the  manner  of  carrying  them 
out.  Yet,  as  a  general  rule,  it  may  be  said  that  Professor 
Chamberlin  has  emj)loved  his  keen  j)ercej)tion  of  jjhysical  rela- 
tions, and  his  exceptional  powers  of  invention,  in  the  formulation 
of  problems  relating  to  the  general  theory,  while  it  has  been  my 
office  to  investigate  their  pertinency  and  bearing  by  appeals  to 
the  mathematical  jjrinciples  of  dynamics.  This  order  of  pro- 
cedure has  not  been  universally  followed  ;  indeed,  in  some 
instances  the  results  have  been  reached  by  successive  steps  made 
alternately  by  one  and  the  other  of  us.  In  a  paper  in  the 
Journal  of  Geology  published  nearly  concurrently  with  this,  by 
mutual  understanding,  Professor  Chamberlin  outlines  some  of 
the  studies  which  have  led  up  to  the  present  inquiry  and  indi- 
cates their  geological  relations. 

2.  Definition  of  the  nebular  hypothesis  as  treated. —  In  order  to 
remove  all  uncertainty  in  regard  to  the  precise  hypothesis  which 
is  under  discussion,  it  will  now  be  briefly  outlined.  This  is  the 
more  needful  because  it  will  be  considered  in  its  broad  outlines 
so  as  to  avoid  urging  objections  of  a  special  nature  founded  on 
particular  assumptions  regarding  temperatures  and  j)hysical  con- 
ditions of  matter. 

The  nebular  theory  examined  in  this  paj^er  supj^oses  that  at 
some  remote  epoch  the  materials  of  which  the  solar  system  is 
composed  were  in  a  gaseous  or  meteoroidal  state,  filling  a  space 
approximately  s]:)heroidal  in  form,  and  extending  at  least  to  Nep- 
tune's orbit.  If  the  gaseous  condition  is  assumed,  it  does  not 
insist  upon  any  particular  temperature,  but  merely  supposes  that 
the  whole  mass  was  in  hydrodynamical  equilibrium,  rotating 
practically  as  a  solid  with  an  angular  velocity  equal  to  that  of 
the  outermost  planet.  If  the  meteoroidal  condition  is  assumed, 
it  supposes  that  the  properties  of  gases  were  nearly  fulfilled  in 
accordance  with  the  conclusions  reached  by  Darwin  in  his 
memoir,  "On  the  Mechanical  Conditions  of  a  Swarm  of  Meteor- 
ites and  on  Theories  of  Cosmogony,"  which  he  presented  to  the 
Philosophical  Society  November  15,  1888.  Therefore  the  sys- 
tem   may   henceforth    be   spoken   of   as   being   a   nebula.     The 
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theory  supposes  that  the  nebula  has  been  subject  to  no  appreci- 
able external  forces,  and  that  it  has  contracted  under  its  own 
gravitation,  either  (<'?')  leaving  off  rings  at  certain  intervals,  or 
[b^  dividing  by  some  fission  process,  and  that  these  separated 
portions  have  contracted,  forming  the  planets  and  the  satellite  sys- 
tems. The  comprehensive  theory  under  discussion  is  thus  seen 
to  include  a  considerably  wider  range  of  possible  initial  condi- 
tions and  modes  of  develo})ment  than  that  postulated  by  Laplace. 
There  is  no  limiting  assumption  here  regarding  the  temperature 
or  the  original  physical  condition  of  the  matter  or  the  manner 
of  separation.  A  few  of  the  tests  brought  forward  will  bear 
especially  upon  particular  assumptions,  but  for  the  most  part 
they  are  general  in  their  application. 

I.       METHODS    OF    THE    FIRST    CATEGORY. 

3.  On  the  planes  of  the  planetary  and  satellite  orbits.  —  There  are 
certain  objections  to  the  nebular  theor}^  which  at  once  appeal  to 
the  most  superficial  and  careless  critic.  The  most  conspicuous 
and  best  known  of  these  is  that  the  revolutions  of  the  satellites 
of  Uranus  and  Neptime  are  in  a  retrograde  direction.  The 
retrograde  revolutions  in  themselves  would  not  be  so  significant 
(since  the  precise  process  of  contraction  into  the  planets  is  not 
described)  if  it  were  not  for  the  additional  fact  that  the  planes 
of  the  orbits  of  the  four  satellites  of  Uranus  are  almost  perpen- 
dicular to  the  plane  of  the  planet's  orbit  around  the  Sun,  while 
the  orbit  of  the  satellite  of  Neptiuie  has  an  inclination  of  nearly 
35°.  One  of  the  requirements  of  the  theory  seems  to  be  that 
the  planes  of  the  planets'  equators  and  of  their  satellite  systems 
shall  not  differ  much  from  the  planes  of  their  respective  orbits. 
It  was  shown  by  Darwin  in  his  memoir,  "  On  the  Secular  Changes 
in  the  Elements  of  the  Orbits  of  a  Satellite  Revolving  about  a 
Distorted  Planet,"  which  he  presented  to  the  Royal  Society  in 
1880,  that  tidal  friction  would  under  certain  circumstances 
increase  the  mutual  inclinations  of  the  planes  of  the  orbits  of  a 
satellite  and  its  planet.  There  is  no  suggestion,  however,  that  it 
could    change   the    inclinations    more   than    a    few   degrees,  and 
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Darwin  says  in  the  same  memoir,  on  page  886:  "The  retrograde 
motion  and  high  inclinations  of  the  satellites  of  Ura?ius  are,  if 
thoroughly  established,  very  remarkable."  These  facts  point  to 
a  condition  of  heterogeneity  cjuite  incomjjatible  with  the  distri- 
bution of  density  in  a  system  in  hydrodynamical  e(|uilibrium. 

Another  thing  of  the  same  nature  which  could  be  reasonably 
expected,  under  the  hypothesis,  is  that  the  planes  of  the  planets' 
orbits  would  become  more  nearly  coincident  as  the  Sun  is 
approached  ;  for  the  nebula  would  tend  to  rotate  more  nearly  as 
a  solid  as  the  time  increased  and  the  secular  results  of  friction 
accumulated.  The  observed  facts  are  quite  the  opposite  of  this, 
the  plane  of  Mcrairy  s  orbit  presenting  a  greater  deviation  from 
the  average  of  the  whole  s^-stem  than  that  of  any  other  planet. 

Likewise  it  could  be  reasonably  expected  that  the  orbits  of 
the  planets  near  the  Sun  would  be  more  nearly  circular  than 
the  orbits  of  remote  planets,  but  quite  the  reverse  is  true. 

4.  On  the  distribution  of  mass  ifi  the  solar  system. — The  masses 
of  the  various  planets  are  not  what  one  would  expect  if  the  ring 
theory  is  true.  If  the  masses  of  the  several  planets  are  divided 
by  the  radii  of  their  resj)ective  orbits,  numbers  are  obtained 
which  are  proportional  to  the  products  of  the  densities  and  the 
cross  sections  of  the  respective  rings.  Choosing  the  units  so 
that   the  result  shall  equal   unity  for  the   Earth's  orbit,  we  have  : 

Product  of  cross  Product  of  cross 

Planet  section  and  density  Planet  section  and  density 

Mercury        -          -          -          -  0.123  Jupiti'r          .          .          .          -  61.064 

Vetnis        -          -          ■          -  0.592  Saturn  .          .          .         -          9.Q38 

Earth    -----  i.ooo  Uranus          -          -          -         -     0761 

Mars         -          -          -          .  0.070  Xeptune  -          -          -          -          0.566 

If  it  be  supposed  that  the  ring  from  which  any  planet  has 
been  formed  extended  half  way  to  the  two  adjacent  orbits,  then 
the  numbers  above,  divided  by  the  squares  of  those  representing 
these  respective  distances,  will  give  the  numbers  proportional  to 
the  mean  densities  of  the  various  rings.  Choosing  the  units 
so  that  the  result  shall  equal  unity  for  the  Earth's  orbit,  we 
have  : 
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Planet  Density  of  ring  Planet  Density  of  ring 

Mercury        ■  ■  -  -  0.150  Jupiter      -  -  -  -        0.609 

Venus       -         -         -         -  i.oio  Saiurn    -         -         -  -  0.028 

Earth i.ooo  Uranus       ...         -     0.0012 

Mars        ...         -  0.003  Neptune  -         -  -  0.0008 

The  irrej^ularities  of  these  numbers  are  such  that  it  seems  prob- 
able that  the  nebula  was  very  heterogeneous. 

5.  0/1  the  inner  satellite  of  Mars  and  the  rings  of  Saturn.  —  Since 
the  discovery  of  the  satellites  of  Mars,  by  Hall,  in  1877,  the 
rapid  revolution  of  PJiobos  has  been  urged  as  an  objection  to  the 
nebular  hypothesis ;  but  the  difficulty  has  been  explained  by 
Darwin  in  a  memoir  presented  to  the  Royal  Society  in  1881,  as 
being  the  necessary  result  of  tidal  evolution.  He  says  in  this 
memoir,  "On  the  Evolution  of  the  Solar  System,"  p.  534,  "That 
the  inner  satellite  of  Mars  revolves  with  a  period  less  than  a  third 
of  its  planet's  rotation  is  perhaps  the  most  remarkable  fact  in 
the  solar  system.  The  theory  of  tidal  evolution  explains  this 
perfectly,  and  we  find  that  this  will  be  the  ultimate  fate  of  all 
the  satellites,  because  the  solar  tidal  friction  retards  the  plane- 
tary rotation  without  directly  affecting  the  satellite's  orbital 
motion." 

The  reasoning  employed  by  Darwin  is  certainly  correct 
qualitatively,  and  the  quantitative  conclusions  may  perhaj:)s  be 
accepted  as  sound  also.  They  will  at  least  be  adopted  here, 
and  on  the  basis  of  this  it  will  be  shown  that  a  more  serious  diffi- 
culty arises  in  considering  the  revolution  of  Saturn  s  inner  ring, 
and  that  it  cannot  be  explained  away  in  the  same  manner. 

The  tides  raised  by  the  satellites  of  Mars  have  been  so  small 
that  tidal  reactions  cannot  have  modified  their  orbits  appreciably; 
and  conversely,  they  cannot  have  been  effective  in  reducing  the 
planet's  rotation.  If  it  be  assumed  that  Mars  actually  extended 
to 'the  orbit  of  Phobos,  and  had  a  rotation  equal  to  that  of  the 
revolution  of  the  satellite,  and  that  all  the  reduction  in  the 
moment  of  momentum  implied  by  the  shrinkage  from  this 
dimension  has  been  brought  about  by  the  action  of  the  Sun's 
tides,  then  we  have  a  standard  of  comparison.  In  considering 
the    magnitude  of    the    effect   of   the  Sun's  tides    a   sufficiently 
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approximate  result  will  be  obtained  by  assuming  that  Mars  has 
always  been  a  homogeneous  sphere.  Carrying  out  the  compu- 
tation, it  is  found  that  the  rotational  moment  of  momentum  of 
Mars  was,  when  it  extended  to  the  orbit  of  Phobos,  24.61  times 
as  great  as  at  present. 

It  is  clearly  demonstrated  by  theory  and  spectroscopic 
obseryations  that  the  rings  of  Saturn  are  made  up  of  a  great 
number  of  discrete  masses,  each  pursuing  practically  an  inde- 
{)endent  orbit.  Because  of  the  very  small  mass  of  the  entire 
ring  system  compared  to  that  of  the  planet,  each  body  makes 
its  own  revolution  in  almost  exactly  the  same  period  that  it 
would  if  it  were  undisturbed  by  the  others.  Then  by  means  of 
Kepler's  harmonic  law,  and  from  the  accepted  dimensions  of  the 
ring,  and  the  elements  of  Titan  s  orbit,  we  find  that  tJie  bodies 
constituting  the  inner  edge  of  the  inner  ring  perform  their  revolutions  in 
§.66  hours,  while  the  period  of  the  pla?iet's  rotation  is  knoivfi  to  be  10. 2j 
hours. 

The  dimensions  of  the  ring  cannot  have  been  sensibly 
changed  by  tidal  action,  so  it  is  fair  to  assume,  in  testing  the 
nebular  theory,  that  Saturn  at  one  time  extended  to  the  inner 
ring  and  rotated  in  its  period  of  revolution.  Carrying  out  the 
computation  under  the  supposition  that  Saturn  has  always  been 
homogeneous,  it  is  found  that  its  angular  moment  of  momentum 
has  been  reduced  from  2.8  to  i.  If  the  Laplacian  law  of  interior 
density  is  assumed,  it  is  found  that  the  reduction  has  been  from 
1.8  to  I.  This  is  much  less  than  that  which  had  to  be  accounted 
for  in  the  case  of  Mars ;  but  it  must  be  remembered  that  Saturn 
is  more  than  six  times  as  far  from  the  Sun  as  Mars,  and  that  the 
retarding  force  of  the  tides  varies  nearly  as  the  inverse  seventh 
power  of  the  distance  from  the  disturbing  body.  The  tidal 
retardation  also  depends  upon  the  size  and  viscosity  of  the  tidally 
distorted  planet.  In  the  memoir  last  quoted,  in  Table  III,  j). 
526,  Darwin  gives  in  the  column  headed,  "Numbers  to  which 
retardation  is  proportional,"  ''Mars,  0.89"  and  ''Saturn,  0.000020 
to  0.000066."  The  difference  is  so  great  that  the  moment  of 
momentum  of  Saturn  could  not  have  been  reduced  by  the  solar 
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tides   unless  they  have   been  operating  upon  this  planet  between 
5063  and  1534  times  as  long  as  they  have  been  upon  Mars. 

It  may  be  urged  that  Saturn  has  satellites  which  may  have 
been  the  cause  of  the  great  reduction  in  the  moment  of  momen- 
tum, but  the  appro[)riate  computation  shows  that  the  total 
moment  of  momentum  of  Titan,  which  is  the  largest  of  all  the 
satellites,  is  but  0.0061  of  that  of  the  planet's  rotation.  The 
masses  of  the  satellites  are  so  uncertain  that  the  computation  has 
not  been  carried  further;  but  in  Darwin's  paper  just  quoted,  on  page 
523,  he  says  that  the  total  moment  of  momentum  of  the  whole 
satellite  system  is  "3L  or  more"  of  that  of  the  planet's  rotation. 
From  these  figures  it  is  apparent  that  the  satellites  cannot  have 
retarded  the  planet  greatly,  even  if  the  extreme  supposition  be 
made  that  they  have  acquired  all  of  their  momenta  at  the 
expense  of  the  planet's  rotation.  Therefore  the  rapid  revolution 
of  the  inner  ring  of  Sattcrn  must  be  considered  as  being  more 
remarkable  than  "  the  most  remarkable  fact  in  the  solar 
system." 

II.       METHODS    OF    THE    SECOND    CATEGORY. 

6.  On  the  escape  of  the  lighter  elements.  —  The  first  objection 
under  this  category  applies  particularly  to  the  hypothesis  of  a 
gaseous  nebula  extending  to  Neptune's  orbit.  According  to  the 
laws  of  diffusion  and  convection  of  gases  the  molecules  of  all 
of  the  elements  contained  in  the  system  would  be  scattered 
among  the  molecules  of  ail  the  other  elements,  with  a  tendency 
on  the  part  of  those  with  small  molecular  weights  and  of  great 
abundance,  as  hydrogen,  to  preponderate  at  the  surface.  The 
individual  molecules  would  be  moving  on  the  average  with  high 
velocities,  depending  upon  their  temperature  and  their  weights. 
Near  the  surface  (which  in  the  ordinary  nebular  theory  is  sup- 
posed to  be  somewhat  distinctly  defined)  the  velocities  would  in 
some  cases,  especially  for  the  lighter  elements,  be  so  great  and 
in  such  directions  that  the  molecules  would  escape  the  system 
never  to  return,  if  present  determinations  may  be  trusted.'    The 

'  Compare  "On  the  Cause  of  the  Absence  of  Hydrogen  from  the  Earth's  Atmos- 
phere and  of  Air  and  Water  from  the  Moon,"  by  Dr.  Johnstone  Stoney,  Trans.  Royal 
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velocity  requisite  for  jiermancnt  escaj)e  at  the  distance  of  Ne/>- 
Uaie's  orbit  is  about  4.8  miles  per  second. 

The  difficult  part  of  the  question  arises  in  attempting  to 
determine  the  efficiency  of  this  sort  of  waste  in  depleting  the 
system  of  its  lighter  elements.  For  hydrogen  and  the  lighter 
substances,  the  mean  scjuare  velocities  of  the  molecules  would 
at  least  nearly  ecpial  the  4.8  miles  per  second  for  very  moderate 
temperatures.  It  must  be  supposed  then  that  they  would  escape 
at  a  very  rapid  rate,  and  that  hydrogen,  helium,  and  such  light 
elements  should  be  entirely  absent,  or  at  least  very  rarely  found, 
instead  of  occurring  in  such  great  abundance. 

While  there  mav  be  ground  for  doubt  as  to  the  (juantitativc 
value  of  the  rate  of  escape  when  applied  to  the  whole  system, 
the  case  becomes  much  clearer  when  the  test  is  applied  to  indi- 
vidual planets,  and  the  postulated  rings  from  which  they  are 
supposed  to  have  been  formed  under  the  Laplacian  hypothesis. 
Every  jjlanet  defines  a  velocity  of  j^ermanent  escape  for  its  sur- 
face. According  to  the  nebular  hypothesis  it  must  be  assumed 
that  the  planets  originally  contained  practically  all  of  the  elements 
and  in  approximately  the  same  proportions  in  which  they  are  now 
found  in  the  Sun,  the  residual  mass.  Their  atmospheres  should, 
therefore,  be  alike  and  about  equally  extensive  relatively.  The 
facts  are  these  :  The  velocity  of  escape  in  the  case  of  the  Moon 
is  1.48  miles  per  second;  it  has  no  atmosphere,  and  probably 
none  of  the  satellites  has  an  atmosphere.  The  velocity  of  the 
escape  in  the  case  of  Mercury  is  2.45  miles  per  second  ;  it  has  no 
atmosphere,  or  at  the  most  a  \ery  rare  one.  The  velocity  of 
escape  in  the  case  of  Mars  is  3. 12  miles  per  second  ;  it  has  a  very 
limited  atmosj)here.  The  other  planets,  with  much  higher 
velocities  of  escape,  have  extensive  gaseous  envelopes  probabl}- 
composed  of  nitrogen,  oxygen,  and  carbon  dioxide,  and  perhaps 
lighter   gases    in    the    cases  of  the   great    planets.      These    facts 

Dublin  Society,  iZ()2.  Also  "Of  Atmospheres  upon  Planets  and  Satellites,"  by  the 
same  author,  Trans.  Royal  Dublin  Society,  Vol.  VI,  part  13,  October  25,  1897  ;  also 
".\  Group  of  Hypotheses  Bearing  on  Climatic  Changes,"  by  T.  C.  Chamberlin, 
Journal  of  Geology,  Vol.  V,  No.  7,  October-November  1807. 
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correspond  with  tlic  theory  and  suj)|)ort  the  doctrine  of  effective 
escape. 

It  is  a  noteworthy  fact  that  none  of  the  very  light  elements, 
as  hydrogen,  is  found  free  in  the  atmosphere  of  the  Earth.  It 
may  be  objected  that  hydrogen  is  very  active  chemically,  and  that 
it  would  unite  with  something  else  to  form  compounds.  This  is 
undoubtedly  true,  but  helium  is  not  found  in  the  atmosj)here 
appreciably,  as  it  should  be  if  it  did  not  continually  escape,  for 
it  is  very  inactive  and  is  constantly  given  forth  from  the  interior 
of  the  Earth.  Now,  if  such  concentrated  bodies  as  the  Moon 
and  Mercury  are  unable  to  hold  atmospheres  at  present  tempera- 
tures, is  there  any  ground  for  supj)osing  that  the  Earth-Moon 
ring,  or  the  ring  of  Vetms,  or  of  Mars,  could  have  held  any  of 
the  atmospheric  gases,  or  water  vapor,  at  the  temperatures  neces- 
sarily assigned  them  by  the  Laplacian  theory  ?  Their  power  of 
control  at  any  given  point  in  the  ring  must  have  been  very  much 
less  than  that  of  the  Moon.  Computations  given  later  in  this 
paper  will  show  that  the  self-gravitation  of  such  rings  would  be 
less  than  the  differential  pull  of  the  gravity  of  the  Sun's  mass, 
and  hence  they  would  offer  essentially  no  opposition  to  molecular 
dispersion. 

7.  On  the  rarity  of  the  solar  7icbula  and  Ofi  the  forma tio?i  of 
rings. — The  fact  that  the  solar  nebula  must  have  been  exceed- 
ingly rare  when  it  extended  out  to  |)lanetary  distances  seems  to 
have  been  insufficiently  considered  by  those  who  have  speculated 
on  the  subject  of  the  formation  of  the  planets.  Owing  to  its 
rotation,  the  equatorial  diameter  must  have  been  somewhat 
greater  than  the  polar,  so  the  volume  obtained  by  considering 
the  nebula  to  have  been  a  sphere  extending  to  the  outermost 
planet  will  be  too  great,  and  the  average  density  determined  by 
dividing  the  mass  by  this  volume  somewhat  too  small.  On  the 
other  hand,  the  nebula  must  have  been  much  denser  at  the  center 
than  toward  the  outer  limits.  We  may,  therefore,  divide  the 
mass  by  the  volume  of  a  sphere  with  radius  equal  to  Neptune's 
distance  from  the  center  of  the  system  and  obtain  a  fair  idea  of 
what  the  density  must   have  been   in  the  outer  regions.      Owing 
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to  the  central  condensation  the  density  obtained  in  this  way  will 
undoubtedly  be  too  great. 

The  density  of  a  sphere  of  constant  mass  varies  inversely  as 
the  cube  of  its  radius.  When  the  solar  nebula  extended  to  the 
orbit  of  Neptune  it  had  a  radius  6444  times  that  of  the  present 
Sun  and  a  volume  more  than  267,000,000,000  times  as  great. 
The  average  density  of  the  Sun,  on  the  water  standard,  is  about 
1.4.  Its  average  density  when  occupying  the  larger  volume 
which  we  arc  considering  would  have  been,  therefore, 
191,000,000,000  of  that  of  water.  This  would  be  increased  by  about 
T015"  of  its  value  by  the  addition  of  the  material  which  went 
into  planets  and  satellites.^ 

By  hy[)othcsis,  the  volume  was  maintained  partly  by  the  mole- 
cules or  meteorites  impinging  on  each  other  and  rebounding,  and 
partly  by  the  general  rotatory  motion  of  the  whole  mass.  Sup- 
pose the  mass  to  have  contracted  with  the  consequent  accelera- 
tion of  rotation  until  the  centrifugal  and  centripetal  forces  nearly 
balanced.  The  question  arises  what  sort  of  a  rupture  would  have 
taken  place  when  the  rotation  increased  ;  or,  in  other  words,  in 
what  part  of  the  mass  the  centrifugal  force  would  have  first 
balanced  the  centripetal.  By  hypothesis  the  nebula  rotated 
nearly  as  a  solid.  Even  if  it  is  supposed  that  it  was  a  meteoric 
swarm  it  probably  would  have  done  so.  Darwin  states  on  page 
65  of  his  memoir  "On  the  Mechanical  Conditions  of  a  Swarm  of 
Meteorites,  and  on  the  Theories  of  Cosmogony,"  which  he  read 
before  the  Royal  Society  November  15,  1888,  "The  investiga- 
tion of  section  1 1  also  gives  the  coefficient  of  viscosity  of  the 
quasi-gas,  and  shows  that  it  is  so  great  that  the  meteor-swarm 
must,  if  rotating,  revolve  nearly  without  relative  motion  of  its 
parts,  other  than  the  motion  of  agitation." 

When  a  mass  rotates  as  a  solid  the  centrifugal  force  varies 
directly  as  the  distance  from  the  center.  If  the  mass  were  spheri- 
cal in  form  and  homogeneous  the  centripetal  force,  or  acceleration 
toward  the  center,  would  also  vary  directly  as  the  distance  from 

'Estimates  by  Kelvin  made  the  density  somewhat  less  than  that  found  here. 
See  Popular  Lectures,  Vol.  1,  p.  419. 
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the  center.  In  this  case  the  equality  of  the  two  forces  would 
occur  throughout  the  whole  e(juatorial  plane  simultaneously 
and  there  would  be  no  rings  formed  with  subsequent  contraction 
of  the  interior  parts.  If  the  mass  were  flattened  at  the  poles, 
and  es[)ecially  if  the  density  increased  towards  the  center,  the 
centrij)etal  force  would  not  increase  so  rapidly  as  directly  as  the 
distance  from  the  center,  and  the  centrifugal  force  and  the  accelera- 
tion toward  the  center  would,  therefore,  become  equal  first  for 
the  extreme  periphery.  Since  both  of  these  conditions  must  be 
supposed  to  have  been  fulfilled  under  the  hypothesis,  and  since 
there  cannot  have  been  any  appreciable  cohesion,  the  conclusion 
is  that  the  matter  would  have  been  left  behind  contimially  after  the 
process  zcas  started,  and  that  there  could  have  bee?i  no  separate  ri?igs 
formed.  This  conclusion  is  equally  certain  whether  we  suppose 
the  nebula  to  have  been  gaseous  or  meteoroidal. 

There  does  not  seem  to  be  a  remote  chance  for  the  separa- 
tion of  a  large  mass  by  fission,  and  it  may  be  in  order  to  remark 
that  none  of  the  conclusions  arrived  at  by  the  discussion  of  the 
figures  of  equilibrium  of  rotating  liomogeneous  fluids  can  lay  any 
claim  whatever  to  exactness  when  heterogeneous  gases  are  under 
consideration. 

8.  Oti  the  contraction  of  a  ring  into  a  planet. —  It  will  now  be 
assumed,  without  regard  to  fact,  that  a  Laplacian  ring  has  been 
left  off  and  that  the  material  of  which  it  was  composed  has 
nearly  all  been  gathered  into  a  planet.  It  will  be  assumed, 
further,  that  the  planet  revolves  in  a  circle  around  the  Sun,  and  that 
the  portion  of  the  ring  which  remains  is  composed  of  infinitesi- 
mal masses  neither  disturbing  each  other  nor  affecting  the  motion 
of  the  planet.  Neglecting  the  perturbations  arising  from  the 
attractions  of  the  other  planets  it  is  required  to  determine,  so  far 
as  is  possible,  whether  the  infinitesimal  remnant  of  the  ring  will  be 
precipitated  upon  its  planet  or  not.  This  problem  is  chosen 
because  of  its  relative  simplicity,  and  because  it  seems  to  be  the 
case  most  favorable  to  aggregation. 

Take  the  center  of  gravity  of  the  planet  and  Sun  as  the 
origin,    and    refer    the    motion    of    the    infinitesimal    bodies    to 
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rectangular  axes  rotating  with  the  angular  velocity  with  which 
the  planet  moves.  Choose  the  origin  oi  time  so  that  the  positive 
end  of  the  .ar-axis  shall  pass  through  the  planet.  Let  M  repre- 
sent the  mass  of  the  Sun,  and  ni  that  of  the  planet,  and  choose 
the  unit  of  mass  so  that  J/+  m  —  i.  Choose  the  unit  of  dis- 
tance so  that  the  radius  of  the  planet's  orbit  shall  equal  one, 
and  the  unit  of  time  so  that  the  Gaussian  constant  shall  e(jual 
one.  Then  it  follows  that  the  angular  velocity  of  revolution  of 
the  planet  is  also  equal  to  unity.  The  coordinates  of  M  and  ;« 
are  respectively  the  constants  x^,  o,  and  x.^,  o.  Consider  one  of 
the  infinitesimal  bodies  and  let  its  coordinates  be  x,  y,  and  its 
distances  from  J/ and  m,  R  and  r  respectively.  Then  the  differ- 
ential equations  defining  the  motion  of  the  infinitesimal  body 
with  respect  to  the  rotating  axes  are 


d^x  dy  _  M{x  —  x^)       m  {x  —  x^ 

dF~  ^di  ~  ^  ^^3  ^3 


d'y  dx  _  My        m  y 


\  (0 


From  these  equations  the  integral 

IdxY   ,    (dyY  ,         ,    2J/  ,    2w 

is  found,  in  which  C  is  the  constant  of  integration.  This  equa- 
tion is  the  relation  between  the  coordinates  and  velocities  which 
will  always  be  fulfilled,  because  it  has  been  assumed  that  there  are 
no  perturbations,  (It  is  probable  that  in  the  long  run  the  per- 
turbations of  the  other  planets  already  formed  would  neither 
assist  nor  hinder  the  process  of  agglomeration.)  In  j^articular, 
it  defines  the  curves  at  which  the  velocity  of  the  infinitesimal 
body  will  always  be  zero  and  which  it  can  never  cross.'  The 
equation  of  the  curve  is  obtained  from  (2)  by  putting  the  right 
side  equal  to  zero,  and  is 

2M         2711 

^+/+^  +  —  =<^-  (3) 

'  See  Hill's  memoir  on  The  Lunar  Theory,  in  the  American  Journal  of  Mathe- 
matics, Vol.  I,  and  Darwin's  memoir  on  Periodic  Orbits,  in  the  Acta  Mathematica, 
tome  21. 


TEST  OF  THE  NEBULAR  HYPOTHESIS 


117 


It  is  necessary  to  assign  j)articular  values  to  M  and  m  in 
order  to  obtain  numerical  results.  For  the  sake  of  rendering 
the  computation  easy  it  will  be  supposed  that  M  =^  \  and  m^\. 
Then  let  particles  be  taken  in  different  parts  of  the  Laplacian 
ring,  as  at  A  ^,  A^,  A.^,  A  ^,  and  A^,  and  suppose  they  move  in 
the  same  direction  and  with  the  same  velocity  as  the  planet. 
They  define  in  succession  the  constant  C,  and  the  corresponding 
curves  of  relative  velocity  are  given  in  the  figure  and  denoted 
by  C^,  C.J,  C^,  C^,  and  Cr,,  resjjectively. 


Fir,.   I. 


•  It  must  be  borne  in  mind  that  the  system  is  referred  to 
rotating  axes  so  that  the  Sun  and  planet  have  constant  coordi- 
nates. Only  the  upper  half  of  the  figure  is  given,  as  the  lower 
part  is  similar  and  oppositely  placed. 

The  particle  starting  at  A^,  on  the  left  cannot  get  to  the 
planet  without  passing  entirely  aroimd  one  side  or  the  other  of 
the  horseshoe,  which  is  the  region  of  imaginary  velocities. 
This  investigation  does  not  show  whether  it  will  actually  recede 
to  a  sufificiently  great  distance  from  the  circle  to  pass  around 
this  forbidden  region,  but  it  seems  very  improbable  that  it  will  do 
so.  On  the  other  hand,  there  is  no  apparent  reason  why  the  parti- 
cle zX  A^  on  the  right  cannot  move  along  the  circle  to  the  planet. 
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For  the  initial  conditions  A^  the  horseshoe  is  on  the  point 
of  dividing  at  the  toe,  and  the  limitations  upon  the  motion  of 
the  infinitesimal  body  are  similar  to  those  in  the  case  of  ^j. 
There  is  a  difference  in  the  case  oi  A^  on  the  left,  for  the  infini- 
tesimal body  may  get  to  the  planet  by  passing  around  the  horse- 
shoe, or  by  passing  through  the  opening  at  its  toe.  There  is  no 
hindrance  to  ^3  on  the  right.  Precisely  similar  remarks  apply 
to  the  particles  2XA^,  the  differences  being  evident  from  the  figure 

The  horseshoe  vanishes  at  the  point  Ar^,  and  the  particle 
may  move  in  any  direction  so  far  as  the  curves  of  zero  relative 
velocity  are  concerned.  But  this  is  the  point  which  forms  an 
equilateral  triangle  with  the  Sun  and  planet,  and  is  one  of  the 
Lagrangian  solutions  of  the  Problem  of  Three  Bodies.  The  par- 
ticle will,  therefore,  always  remain  at  that  relative  point  unless 
disturbed  by  forces  other  than  those  considered. 

From  the  considerations  advanced  here  it  seems  probable 
that  the  planet  could  gather  up  material  lying  on  the  circle  in 
which  it  moves,  and  extending  in  each  direction  to  the  points  of 
the  equilateral  triangular  Lagrangian  solutions;  beyond  these 
points  the  conditions  seem  to  be  adverse  to  the  aggregation  of 
the  particles  of  the  ring  with  the  planet.  Thus,  if  it  is  supposed 
that  the  evolution  has  already  advanced  until  only  an  infinitesimal 
ring  remains,  it  seems  extremely  improbable  that  it  could  co)nplete 
itself  except  for  an  arc  of  the  circle  exteiiditig  60^  on  each  side  of  the 
planet.  These  results  are  not  quite  so  conclusive  as  might  be 
desired  ;  but  the  excuse  for  their  appearance  is  that  they  are  the 
first  arrived  at  in  a  subject  fraught  with  great  difificulties,  and 
that  they  show  in  a  decisive  manner  that  the  development  of  a 
planet  out  of  a  Laplacian  ring  is  not  so  simple  a  matter  as  has 
been  generally  supposed.  If  the  mass  of  the  planet  were  taken 
very  much  smaller  than  the  Sun,  as  is  the  actual  case  in  the  solar 
system,  its  power  of  gathering  up  the  ring  would  be  less  ;  but 
on  the  other  hand,  the  region  of  imaginary  velocities  would  be 
much  thinner. 

9.  On  the  starti?ig  of  a  platiet  from  a  rijtg. — A  question  of  as 
great  importance  as  the  one  which  has  just  been  considered,   is 
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whether  any  condensation  could  begin  in  a  ring  of  tolerable 
homogeneity.  The  ring  as  a  whole  would  have  as  a  resultant 
attraction  upon  any  particle,  a  force  acting  in  a  line  passing 
through  the  center  of  the  Sun.  Moreover,  the  intensity  would 
be  small  and  the  same  for  all  particles  at  equal  distances  from 
the  center.  In  short,  the  conditions  for  equilibrium  which  have 
been  found  by  Mme.  Kowalewsky  and  M.  Poincare  in  the  discus- 
sion of  Saturn's  rings,  would  be  approximately  verified,  and  there 
would  be  no  sudden  accumulation  of  material  at  any  one  point.  It 
seems  that  the  condensations  would  have  their  immediate  causes 
in  local  irregularities  in  the  distribution  of  the  matter. 

The  first  cjuestion  is  naturally  whether  bodies  of  considerable 
size  would  not  rush  together  as  a  result  of  their  mutual  attrac- 
tions. If  the  velocities  were  such  as  they  would  be  when  the 
nebula  is  in  convective  equilibrium  Darwin  found  in  his  memoir, 
"  On  the  Mechanical  Conditions  of  a  Swarm  of  Meteorites  and 
on  Theories  of  Cosmogony,"  in  1888,  that  two  bodies  with  a 
mean  density  of  10  would  need  to  have  masses  one  twentieth  of 
that  of  the  Earth  in  order  that  their  attractions  might  deflect 
the  directions  of  their  motions  by  10°  when  they  passed  near 
enough  to  each  other  just  to  graze. 

It  may  be  supposed  that  the  particles  are  moving  in  parallel 
directions  with  velocities  depending  upon  their  distances  from 
the  center  of  the  Sun,  as  in  undisturbed  motion.  In  order  to 
get  an  idea  of  what  may  happen,  it  will  be  well  to  investi- 
gate the  amount  of  acceleration  that  small  masses  exert  upon 
each  other.  For  this  purpose  the  following  problem  will  be 
solved:  Having  given  two  spheres  with  diameters  of  10  feet 
each  and  specific  gravity  10;  it  is  required  to  find  how  long 
it  will  take  them  to  come  together,  when  they  are  started  from 
rest  100  feet  apart,  and  are  subject  to  no  forces  except  their 
mutual  attractions.  Each  one  would  weigh  164  tons  at  the 
surface  of  the  Earth,  and  each  has  to  move  only  45  feet,  yet  the 
appropriate  computation  shows  that  it  would  take  them  11.66 
hours  to  come  together.  This  illustrates  the  extreme  feebleness 
of  the  force  of  gravitation  between  small  masses,  and  shows  that 
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two  bodies  of  the  niaxiiiumi  size  that  could  be  su])poscd  to  exist 
in  the  nebula  could  not  unite  in  consecjuence  of  their  own  gravi- 
tation unless  they  were  moving  in  orbits  at  very  nearly  the  same 
distance  from  the  Sun.  As  bodies  of  any  considerable  size  would 
occur  at  very  rare  intervals  under  the  Laplacian  hypothesis,  and 
as  very  particular  initial  conditions  would  be  necessary  in  order 
that  collision  might  ensue,  it  is  seen  that  the  union  of  two  bodies 
by  mutual  attraction  would  be  a  comparatively  rare  event,  and 
that  the  relative  velocity  at  impact  would  be  very  small.  If  for 
other  reasons  they  collided  with  high  velocities  there  would  be 
danger  of  fracture  ;  and  if  with  low,  there  would  be  at  least  a 
slight  rebound.  It  cannot  be  supposed  that  there  would  be  much 
cohesion  or  adhesion  between  two  bodies  just  having  come  into 
contact. 

Moreover,  the  disturbing  action  of  the  Sun  would  have  been 
verv  marked  in  the  tenuous  masses  which  would  have  existed 
after  separation,  and  it  is  conceivable  that  these  forces  would 
have  been  sufficient  to  have  disrupted  a  globular  body  of  the 
density  which  must  have  prevailed  if  it  had  been  brought  to 
within  planetary  distances  from  the  Sun.  This  possibility 
emphasizes  the  desirability  of  making  an  investigation,  more 
refined  than  a  mere  guess,  in  regard  to  whether  a  fluid  of  this 
low  density  could  have  maintained  itself  by  the  gravitation  of 
its  parts  in  a  continuous  figure  of  equilibrium.  This  question 
will  be  considered  in  the  next  section. 

10.  On  the  applicatiofi  of  Roche's  limit  a?id  a  new  criterion  of  a 
somewhat  similar  character. —  It  is  doubtless  true  that  a  fluid  mass 
subject  to  disturbances  will  tend  to  assume  the  figure  of  most 
stable  equilibrium.  It  is  implied  in  the  nebular  theory  that  this 
figure  is  the  one  which  is  most  nearly  spheroidal  in  form  ;  for, 
otherwise,  the  rings  would  have  remained  as  they  were  or 
developed  into  something  different  from  the  planets.  It  will  be 
shown  in  this  section,  by  the  ajjplication  of  Roche's  limit  and  a 
certain  new  criterion,  that  these  nearly  spherical  forms  of  equi- 
librium would  not  be  possible  at  the  respective  distances  of  the 
planets   for  fluids  so  rare  as  the  rings  must  certainly  have  been. 
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It  will  be  inferred  then  that  the  rings  could  not  have  contracted 
into  these  forms  without  first  having  become  very  much  con- 
densed. 

The  rings,  when  first  sej^arated,  must  have  been  of  the  same 
density  as  the  solar  nebula  near  its  limits  ;  for  at  the  instant 
before  sejjaration  they  constituted  a  part  of  it,  although  exerting 
no  pressure  on  the  surface  where  division  was  about  to  take 
place.  Considering  the  extreme  tenuity  of  the  material  at  the 
planetary  distances,  it  cannot  be  supposed  that  there  were  any 
violent  changes  in  form  or  density  at  the  time  of  separation,  as 
there  could  have  been  no  ap[)reciable  cohesion.  The  objections 
about  to  be  advanced  will  apply  with  equal  force  if  the  genesis 
of  the  planets  is  supposed  to  have  been  by  the  fission  process. 

Roche  s  limit. —  It  has  not  been  possible  to  obtain  a  complete 
exposition  of  Roche's  theory,  so  there  is  some  uncertainty  in 
regard  to  the  precise  conclusions  reached  by  him.  From  the 
more  or  less  popular  accounts  of  his  work,  and  from  that  given 
m  Tisserand,  tome  II,  chap.  8,  it  is  inferred  that  Roche  proved 
that  a  certain  ellipsoid  with  unequal  axes  is  a  figure  of  equilib- 
rium for  an  incompressible  fluid,  revolving  in  a  circle  around  a 
spherical  mass  ;  that  the  figure  is  stable  if  the  fluid  body  is  at  a 
sufficiently  great  distance  from  the  other;  that  if  the  densities 
of  the  two  bodies  are  ecjual,  this  limit  is  2.44  times  the  radius  of 
the  central  body,  and  that  it  varies  inversely  as  the  cube  root 
of  the  density  of  the  revolving  fluid. 

If  the  solar  nebula  were  homogeneous,  its  density  would 
vary  inversely  as  the  cube  of  its  radius.  If  it  is  supj)osed  that 
there  was  a  pronounced  condensation  toward  the  center,  as  must 
certainly  have  been  true,  its  density  in  the  outer  regions  would 
be  less  than  that  found  by  computing  it  on  the  hvpothesis  of 
homogeneity.  On  the  other  hand,  as  has  just  been  seen  above, 
the  inferior  limit  of  density  for  the  existence  of  Roche's  figure 
varies  inversely  as  2.44  times  the  cube  of  the  distance.  There- 
fore the  density  of  the  rings  must  have  been  less  than  -^  of 
that  necessary  for  the  equilibrium  of  the  ellipsoidal  figure. 
Neither  the  whole  mass  nor  any  portion  of  it  could  have  assumed 
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the  ellipsoidal  figure  unless  there  had  been  a  heterogeneity 
giving  local  regions  of  very  much  greater  density  than  the 
average.  This,  however,  is  contrary  to  the  nebular  theory  as 
we  have  defined  it. 

A  new  criterion. —  It  is  extremely  difficult  to  exjjress  physical 
problems  with  perfect  rigor  in  mathematical  terms.  It  is  almost 
invariably  true  that  certain  aj^proximate  conditions  have  to  be 
replaced  by  others  which  are  purely  ideal.  It  does  not  matter 
then  with  what  rigor  the  deductions  are  carried  out,  the  con- 
clusions can  have  no  greater  approximation  to  the  truth  than 
the  idealized  conditions  do  to  the  actual. 

In  the  derivation  of  Roche's  limit  the  assumption  was  made 
that  the  satellite  was  a  perfectly  homogeneous  incompressible 
fluid,  and  that  its  rotation  and  revolution  were  performed  in  the 
same  i)eriod.  It  is  certain  that  the  first  assumption  is  not  valid 
in  dealing  with  gaseous  bodies,  and  it  can  scarcely  be  considered 
as  being  approximately  true.  The  problem  of  determining  the 
figures  of  ecjuilibrium  of  compressible  gases  in  motion  lies  in  an 
untouched  field,  and  is  evidently  one  of  very  great  difficulty. 
Even  in  the  case  where  the  fluid  has  been  assumed  to  be  homo- 
geneous, the  results  obtained  have  been  of  the  nature  of  shrewd 
guesses  which  have  been  verified  by  showing  that  they  fulfill  the 
sufficient  conditions.  The  difficulties  in  solving  the  equations 
for  equilibrium  arise  from  the  fact  that  the  relations  which  must 
be  fulfilled  involve  the  form  of  the  body  implicitly,  since  they 
depend  upon  the  attraction  of  the  body  for  all  points  upon  the 
surface. 

The  method  employed  here  will  be  to  shift  the  point  of 
weakness.  Roche  made  the  violent  assumption  of  homogeneity 
of  the  fluid,  and  then  verified,  by  the  help  of  Lagrange's  investi- 
gations of  the  attractions  of  ellipsoids,  that  a  certain  ellipsoid 
would  fulfill  the  conditions  for  equilibrium  ;  in  this  work  the 
law  of  density  is  not  specified,  but  the  law  of  attraction  for 
points  throughout  the  fluid  mass  is  assumed.  The  forms  of 
equilibrium  are  then  determined,  and  the  limiting  cases  in  which 
the  bodies  cease  to  have  closed  surfaces. 
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It  is  certain  that  the  bodies  will  be  densest  in  their  central 
l)ortions,  and  that  the  surfaces  of  constant  density  will  become 
more  nearly  spherical  as  the  center  is  approached,  and  it  seems 
probable  that  the  bodies  as  a  whole  will  be  more  nearly  spherical 
than  they  would  be  if  they  were  homogeneous. 

For  the  sake  of  simplicity  in  the  discussion,  it  will  be 
assumed  that  the  attractions  depend  only  upon  the  distances 
from  the  center  of  gravity  of  the  mass.  This  is  e(juivalent  to 
assuming,  in  the  computation  of  the  forces  arising  from  the 
mutual  gravitation  of  the  parts,  that  the  masses  are  made  up  of 
homogeneous  concentric  layers.  Since  these  forces  are  feeble 
compared  to  those  arising  from  the  revolution  of  the  fluid  and 
from  the  attraction  of  the  central  mass,  the  errors  introduced 
will  be  relatively  unimportant.  The  law  of  attraction  upon  the 
different  parts  will  depend  upon  the  distribution  of  the  mass,  and 
will  vary  between  that  given  for  a  homogeneous  body  and  that 
in  which  the  mass  of  the  outer  regions  is  infinitesimal  compared 
to  that  of  a  central  core.  If  the  body  were  homogeneous  the 
attraction  would  vary  directly  as  the  distance  from  the  center, 
which  is  one  extreme,  and  is  nearly  that  considered  by  Roche. 
If  the  finite  part  of  the  mass  were  all  condensed  into  a  central 
core  the  attraction  would  vary  inversely  as  the  square  of  the  dis- 
tance from  the  center.  This  is  the  other  extreme,  and  the  limits 
will  be  developed  under  this  assumption. 

Let  i^f  represent  the  mass  of  the  central  body  and  m  that  of 
the  fluid  satellite.  Choose  the  unit  of  mass  so  that  M  -\-  m  ■=^  i. 
By  hypothesis  they  describe  circles  around  their  common  cen- 
ter of  gravity.  Take  the  origin  of  the  coordinates  at  the  center 
of  gravity  of  the  fluid  satellite,  and  let  the  negative  end  of  the 
;i;-axis  pass  through  the  center  of  gravity  of  the  large  body. 
Choose  the  unit  of  length  so  that  the  distance  of  the  two  bodies 
apart  shall  equal  unity,  and  the  unit  of  time  so  that  the  Gaussian 
constant  shall  equal  one  ;  then  it  follows  from  the  theory  of  cir- 
cular motion  that  the  angular  velocity  of  revolution  is  also 
unity.  Let  X,  V,  and  Zbe  the  sums  of  the  resolved  components 
of  the    accelerations   along    the  x,  y,  and    ij-axes    respectively. 


l^A 


h.   A'.  MUi'LJUX 


Then  if  the  bodv  is  in  equilibrium  the  fundamental  hydrodynami- 

cal  equation 

Xiix  +  Ydy  -\-  Zdz  =  o  (4) 

must  be  fulfilled  for  every  jjoint  of  the  surface.  Let  the  dis- 
tances from  any  point  to  J/and  m  be  denoted  by  v^  and  r  respect- 
ively. Then  with  the  units  chosen  it  is  easy  to  vcrifv  that  the 
following  are  the  expressions  for  X,  Y,  and  Z. 

mx      M (\  -\-  x) 


^5) 


X  =  M-\-x - 

R^ 

K=      .-? 

My 

-"^ 

Mz 

'r' 

Substituting  in  (4)  and  integrating  we  find 

,    2W    .    2 J/ 

x"  +  y'  +  ^Mx  H \- 


=  C. 


((>) 


r  R 

This  equation  defines  the  surfaces  de  niveau,  or  le\el  surfaces. 
The  fluid  body  will  be  in  equilibrium  as  long  as  the  small  fold 
around  its  center  of  gravity  is  a  closed  surface;  but  when  this 
fold  unites  with  others  which  are  exterior,  the  body  will  begin 
to  disintegrate.  Therefore,  the  question  of  the  equilibrium 
of  a  fluid  mass  which  is  very  dense  at  its  center  is  settled 
bv  the  form  of  the  surface  defined  by  equation  (6). 
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For  brevity,  the  detailed  discussion  of  the  surfaces  will  be 
omitted.  The  conclusion  is  that  for  sufificiently  large  values 
of  C  they  consist  of  a  closed  fold  somewhat  ellipsoidal  in 
form  around  each  of  the  bodies  vW  and  m,  and  of  an  ajjproxi- 
mate  cylinder  whose  axis  is  parallel  to  the  ^r-axis  and  passes 
through  the  center  of  gravity  of  the  whole  system.  The  follow- 
ing sections  of  the  xz  and  .ay/-planes  with  the  surfaces  give  a 
clear  idea  of  their  form. 

It  is  seen  that  the  oval  around  the  center  of  gravity  of  m.  will 
have  its  first  contact  with  exterior  folds  in  the  .rj/-plane,  and 
even  on  the  ^r-axis.  At  the  point  where  instability  sets  in  the 
pressure  at  the  surface  becomes  zero.  If  we  express  (6)  in 
terms  of   r  and  the    polar  angles,  and   write  it  F  [r,  (f>,  6)   =  C, 

hF 

then  the  condition  for  zero   pressure  is     »  -  =  o.     This  point  will 

occur  first  on  the  ;i:-axis  between  m  and  M ;  therefore  y  and 
r  are  zero,  and  the  point  is  found  by  taking  the  derivative  of 
(6)  with  respect  to  r,  and  setting  the  result  equal  to  zero.  Per- 
forming these  operations  and  clearing  of  fractions  we  obtain 

;-5  —  (2  +  M)  f-^  -\-  (i  +  2M)  r'  —  m  r"  +  2m  r  —  m  —  o  .  (7) 

In  all  the  applications  which  will  be  made  ;«  will  be  very 
small  compared  to  M,  and  the  value  of  r  satisfying  (7)  will 
consequently  also  be  small.  Then  a  sufficiently  approximate 
solution  of   (7)  is 

'''"(I   +   2J/)-  ^^) 

Let  cr  represent    the  mean    density  of  the   mass   nt;  then  the 
condition  that  its  radius  shall  just  equal    r,  as  defined    by  (8)  is 

'"'  "^  47r^  ""  (i  +  2M)  '  ^^^ 

or  solving 

47r 

Since  m  is  very  small,  M  is  very  nearly  equal  to  unity,  and  a-  —  —  , 
approximately. 
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Let  o-o  represent  the  mean  density  of  the  solar  nebula.     Then 
in  the  units  chosen 

3 
0-0  =  —  • 
47r 

Therefore.  o^=  -   and   the  mean  density  of  the  fluid   mass   must 

3 
have  been  three  times  as  great  as  that  of  the  solar  nebula  when 

they  separated   in  order   that   this   figure    of  equilibrium    might 


-«:e 


Tn/V.       cc 


1ml;.  3. 

have  been  stable.  A  simple  computation  shows  that  if  ;«  and  M 
have  the  same  density,  then  m  must  be  distant  at  least  1.35 
times  the  radius  of  M  from  its  center  of  gravity  in  order  that 
it  may  be  in  stable  equilibrium.  The  discussion  of  these  limits 
shows  that  a  Laplacian  ring  could  not  have  contracted  into  a 
planet,  and  that  the  condition  of  the  solar  nebula  must  have 
been  one  of  great  heterogeneity  instead  of  homogeneity  in  con- 
centric layers. 

III.       K    METHOD    OF    THE    THIRD    CATEGORY. 

I  I .  On  the  moment  of  momentiim  of  the  solar  system. — It  is 
known  from  the  elementary  principles  of  dynamics  that  the 
moment  of  momentum  of  a  system  which  is  subject  to  no  exter- 
nal forces  is  constant.  We  shall  have  occasion  in  this  section 
to   compute    the   moments   of  momenta  of   the  solar  system   at 
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different  points  of  its  supposed  development.  If  a  sphere  and  an 
oblate  s|)heroid  having  equal  masses  and  equal  ecjuatorial  radii 
are  composed  of  the  same  material  and  rotate  in  the  same 
period,  then  the  moment  of  momentum  of  the  oblate  spheroid 
will  be  the  greater  ;  for  the  greatest  difference  between  it  and  the 
sphere  is  in  the  polar  regions  where  the  effect  upon  the  moment 
of  momentum  of  the  displacement  of  matter  is  small,  while  it 
must  be  denser  in  the  equatorial  regions  to  preserve  the  equality 
of  masses,  since  it  does  not  seem  in  the  least  probable  that  a  rota- 
ting body  would  be  denser  at  the  center  than  the  same  body 
would  if  it  were  stationary.  Therefore,  if  we  compute  the 
moment  of  momentum  which  the  solar  nebula  had  when  it 
extended  to  Neptu?ie's  orbit  under  the  supposition  that  it  was 
spherical  in  form  we  shall  get  a  result  which  is  too  small.  The 
moment  of  momentum  of  the  present  system  can  be  deter- 
mined with  almost  perfect  accuracy,  because  the  planets  present 
no  difficulties  while  the  Sun  is  nearly  an  exact  sphere. 

Let  M  represent  the  moment  of  momentum  of  a  sphere  of 
the  radius  R,  rotating  with  the  angular  velocity  w.  Let  a  rep- 
resent the  density  ;  then  we  have 

/""      /'Sir      /^R 

J/=(u    /       /        I      (T  r*  s'wi' d  dO  d<i>  dr .  (n) 

Suppose  the  density  depends  upon  the  distance  from  the  center  ; 
thencr=/(r).     Substituting  in  (ii),and   integrating,  we  have 

8        r'^ 

J/=-7rw    /      f{r)rUh-.  (12) 

3       Jo 

The  law  of  density  of  a  gaseous  sphere  has  been  determined 
by  Ritter  in  a  paper  in  Wiedemann's  A?male?i  (New  Series)  Vol. 
XVI,  1882,  p.  166,  entitled  "  Untcrsuchungen  iiber  die  Hohe  der 
Atmosphare  und  die  Constitution  gasformiges  Weltkorper."  The 
problem  has  also  been  treated  by  Dr.  G.  W.  Hill  in  a  paper  in 
the  A?i?ials  of  Mathematics,  Vol.  IV,  1888.  Professor  Darwin  has 
given  a  complete  discussion  of  the  same  problem  in  a  memoir 
read  before  the  Philosophical  Society  November  15,  1888,  "On 
the  Mechanical  Condition  of  a  Swarm  of  Meteorites,  and  on  the 
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Theories  of  Cosmogony."  The  law  of  density  used  in  the  fol- 
lowing computations  is  that  of  Darwin's  "  Isothermal-Adia- 
batic  "  sphere  given  in  loc.  cit.  p.  25.  The  density  is  given  there 
for  different  values  of  the  radius  and  agrees  substantially  with 
the  results  found  by  Ritter  and  Mill.  We  have  computed  the 
integral  of  (12)  by  a  somewhat  rough  quadrature.  The  results 
are  the  following : 

When  the  nebula  extended  to  AV//w;/^'.?  orbit,  J/  =  32.176 

When  the  nebula  extended  to  Jupiter's  orbit,  M  —  13.250 

When  the  nebula  extended  to  the  Earth's  orbit,  M  =  5.690 

When  the  nebula  exteiided  to  Mercury  s  orbit,  M  —  3.400 

In  the  system  at  present,      -         -          -         -  M—  0.151 

Instead  of  being  a  constant,  the  moment  of  momentum  is 
found  to  vary  in  a  remarkable  manner.  On  account  of  the 
approximations  made  the  first  number  is  somewhat  too  small 
while  the  last  is  too  large,  as  the  Sun  was  assumed  to  be  homo- 
geneous in  computing  the  moment  of  momentum  which  enters 
into  it.  Notwithstanding  these  errors  in  opposite  directions,  the 
moment  of  momentum  in  the  first  case  is  213  times  that  in  the 
last.  It  follows  from  these  figures  that  if  the  mass  of  the  solar 
system  filled  a  spheroid  extending  to  Neptune's  orbit,  and  rota- 
ted with  a  velocity  sufficient  to  make  its  moment  of  momentum 
equal  to  that  of  the  present  system,  and  if  it  then  contracted 
with  the  law  of  density  always  that  adopted  above,  the  centrifu- 
gal force  would  not  ecjual  the  centrijjetal  until  it  had  shrunk  far 
within  Mercury's  orbit.  Such  an  enormous  difference  cannot  be 
ascribed  to  uncertainties  in  the  law  of  density  or  to  the  approxi- 
mations in  the  mechanical  quadratures ;  but  it  points  to  a  mode 
of  development  quite  different  from,  and  much  more  complicated 
than,  that  postulated  in  the  nebular  theory  under  discussion. 

12.  Conclusions. — It  has  been  the  pur})ose  of  this  paper  to 
gather  up  and  to  present  in  a  connected  form  the  greater  part  of 
the  dynamical  consider  ;tions  bearing  upon  the  nebular  hypoth- 
esis which  we  have  thus  far  been  able  to  discover.  In  attempt- 
ing to  outline  the  whole  problem  in  the  limits  of  one  paper  the 
discussion  of  many  jjoints   has  been   left  in  an  incomplete  state, 
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yet  it  is  believed  that  the  method  of  attack  has  been  sufficiently 
clearly  indicated,  and  that  the  conclusions  are  jjlain.  It  is 
believed  that  the  nebular  hy|)othesis  treated  is  substantially  the 
one  held  by  astronomers  to  be  true,  and  the  one  which  has 
served  as  a  basis  for  all  the  computations  regarding  the  heat 
that  the  Sun  has  radiated  and  the  age  of  the  solar  system. 

Under  the  methods  of  the  first  category  certain  j)henomena 
are  enumerated  which  contradict  the  hypothesis  so  flatly  that 
candid  minds  must  admit  that  its  validity  in  the  form  considered 
is  open  to  serious  question.  In  less  exact  sciences  such  objec- 
tions would  overthrow  a  theory  or  lead  to  its  reconstruction. 
The  objections  are  that  the  planes  of  the  planets'  orbits  present 
considerable  deviations,  while  four  satellites  revolve  in  planes 
making  practically  right  angles  with  the  average  of  the  system  ; 
that  the  distribution  of  mass  in  the  planets  is  unaccountably  and 
suspiciously  irregular  ;  and  that  there  is  an  unexplainable  anom- 
aly in  the  motion  of  the  inner  ring  of  Satur?i. 

Under  the  methods  of  the  second  category,  it  is  shown  that 
the  development  of  a  system  of  planets  and  satellites  from  an 
extended  nebula  is  by  no  means  a  simple  matter,  and  that  in  the 
system  under  consideration  the  conclusions  which  it  was  j^ossible 
to  make  were  invariably  adverse  to  the  theory.  In  subjects 
where  perfectly  rigorous  mathematical  processes  cannot  be 
employed,  such  a  uniform  agreement  of  conclusions,  when  so 
various  methods  of  attack  are  employed,  is  sufficient  to  establish 
a  proposition.  The  objections  are  that  the  lighter  elements 
would  have  escaped ;  that  matter  would  have  been  left  off  con- 
tinually instead  of  in  rings  at  rare  intervals  ;  that  if  a  ring  were 
all  contracted  into  a  planet  except  an  infinitesimal  remainder  dis- 
tributed in  its  path,  the  process  of  aggregation  could  not  com- 
plete itself  ;  that  the  gravitation  between  the  masses  occurring 
in  the  rare  media  would  be  so  feeble  that  they  would  seldom 
come  in  contact,  and  that  Roche's  limit  and  a  similar  new  cri- 
terion show  that  fluid  masses  of  the  density  which  must  have 
existed  would  be  disintegrated  by  the  disturbing  action  of  the 
Sun. 
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The  one  objection  which  is  advanced  in  the  methods  of 
the  third  category  is  of  great  simpHcity  and  leads  to  certain 
conclusions.  It  is  of  such  a  character,  and  the  numerical  dis- 
crepancies are  so  great,  that  it  seems  to  render  the  nebular 
hypothesis  in  the  simple  form  in  which  it  has  usually  been 
accepted  absolutely  untenable  unless  some  fundamental  postu- 
lates now  generally  accepted  are  radically  erroneous.  It  seems 
a  necessary  inference  from  the  results  of  the  discussion  that  the 
solar  nebula  was  heterogeneous  to  a  degree  not  heretofore  con- 
sidered as  being  probable,  and  that  it  may  have  been  in  a  state 
more  like  that  exhibited  in  the  remarkable  photographs  of  spiral 
nebul.-E  recently  made  by  Professor  Keeler. 

If  the  above  conclusions  are  well  founded,  it  follows  that  the 
age  of  the  Earth  computed  from  the  theory  of  the  Sun's  con- 
traction as  a  gaseous  sphere  arranged  in  homogeneous  concentric 
layers  can  be  accepted  only  with  great  reservation,  and  that  it  is 
folly  to  attempt  to  state  what  was  the  temperature  of  the  Sun's 
surface  when  it  extended  to  the  orbits  of  the  various  planets.  If 
it  is  established  that  the  Laplacian  hypothesis  is  only  partially 
true,  and  that  we  do  not  yet  know  the  precise  mode  of  develop- 
ment of  the  solar  system,  geologists  will  feel  freer  to  interpret 
geological  phenomena  in  accordance  with  geological  principles, 
and  astronomers  will  have  one  of  the  most  attractive  fields 
of  investigation  still  demanding  their  efforts  for  its  complete 
exploration. 

University  of  Chicago, 
February  1900. 


THE  ORBIT  OF  THE  SPECTROSCOPIC  BINARY, 

X  DRACONIS. 

By  W.  H.  Wright. 

The  variable  velocity  in  the  line  of  sight  of  %  Dracoiiis  was 
announced  by  Professor  Campbell  in  this  Journal  (6,  291). 
Since  July  1898  twenty-eight  spectrograms  have  been  secured 
with  the  Mills  spectrograph,  the  variations  in  velocity  meanwhile 
running  through  somewhat  over  a  period.  Data  are  therefore  at 
hand  for  a  fairly  accurate  determination  cf  the  star's  orbit,  and 
the  computation  has  been  assigned  to  the  writer. 

In  the  accompanying  table  the  first  column  contains  the  num- 
bers of  the  observations,  the  second  the  numbers  of  the  plates, 
the  third  the  dates  of  observation,  the  fourth  the  assigned  weights, 
and  the  fifth  the  measured  velocities. 


Plate  No. 

Date 

Wt. 

Vel. 
(observed) 

Vel. 
(comp.) 

O-Ci 

Vel. 
(comp.)ii 

0-C,i 

I 

839  c 

1S98,   July    25.8 

I 

+  45-6 

+44-0 

+  1.6 

+  44-7 

+  0.9 

2 

24  A 

Sept.    5.7 

I 

46.0 

46.8 

—  0.8 

46.1 

■ —  O.I 

3 

51  B' 

19.7 

% 

42.6 

44-7 

—  2.1 

43-2 

—  0.6 

4 

1038  A' 

Oct.    26.6 

I 

14-5 

14-3 

+  0.2 

14-3 

+  0.2 

5 

52  A 

Nov.     1.6 

% 

II  9 

"•5 

+  0.4 

II. 6 

+  0.3 

6 

61  A 

5-6 

Vi 

II-3 

10.7 

4-0.6 

10.9 

+  0.4 

7 

83  A 

12.6 

2/, 

10.7 

II. 0 

—  0.3 

II. 0 

—  0.3 

8 

99  A 

18.6 

% 

10.6 

12.2 

—  1.6 

12. 1 

—  1-5 

9 

1122  A 

Dec.     7.6 

% 

18.3 

17.4 

4-0.9 

17.4 

+  0.9 

10 

23  A 

17.1 

% 

21.0 

20.1 

+  0.9 

20.2 

+  0.8 

II 

24  A 

17.6 

% 

20.0 

20.2 

—  0.2 

20.3 

—  0.3 

12 

61  B 

1899,    Feb.     7.1 

32.4 

31-5 

+  0.9 

32.2 

+  0.2 

13 

93  B 

23.0 

34-3 

34-3 

0.0 

35.0 

—  0.7 

M 

1203  A 

Mar.     7.0 

36.7 

36.2 

+  0.5 

37-0 

—  0.3 

15 

09  D 

Apr.      4.0 

41.2 

40.4 

+  0.8 

41. 1 

+  0.1 

16 

16  B 

9.0 

40.7 

41. 1 

—  0.4 

41.8 

—  I.I 

17 

38  C 

May      1.9 

44.9 

44.0 

+  0.9 

44-5 

+  0.4 

18 

66  A 

29.9 

% 

47.2 

46.7 

-^0.5 

46.6 

+  0.6 

19 

72  A 

June      8.0 

46-5 

47.0 

—  0.5 

46.6 

—  0.1 

20 

88  C 

15.0 

46.5 

46.7 

—  0.2 

46.1 

+  0.4 

21 

1310  D 

27.9 

2/ 
/3 

42.7 

44.6 

—  1-9 

43-4 

—  0.7 

22 

19  A 

July     5-7 

41.5 

41.4 

+  0.1 

40.0 

-t-0.5 

23 

26  D 

II. 9 

35-8 

37-1 

-  1-3 

35-8 

0.0 

24 

37  C 

16.9 

31.2 

32.5 

—  1-3 

31-5 

—  0.3 

25 

60  C 

31-8 

17-3 

16.4 

+  0.9 

16.9 

+  0.4 

26 

1417  B 

Aug.  23.8 

10.8 

"•5 

—  0.7 

II. 4 

—  0.6 

27 

58  B 

Sept.  1 1.7 

% 

17-5 

16.6 

+  0  q 

16.4 

4- I.I 

28 

1510  B 

Oct.    16.7 

% 

26.4 

2S.6 

+  0.8 

2=;. 8 

+  06 

Measured  and  reduced  by  Professor  Campbell. 
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The  observations  of  November  and  December  1898  were 
made  necessarily  directly  after  dark,  a  time  very  unfavorable  for 
photographing  s]jectra,  on  account  of  the  rapid  changes  of  tem- 
perature then  occurring.  They  were  accordingly  given  smaller 
weight  than  those  made  under  normal  conditions.  In  some 
other  cases  the  observing  conditions  were  very  poor,  wind, 
clouds,  and  bad  seeing  interfering  with  the  work.  In  these  also 
the  weiglU  was  reduced. 

The  observations  were  platted  in  the  usual  manner,  as  shown 
in  the  accompanying  figure,  and  through  the  points  thus  obtained 
the  full  line  curve  was  sketched  as  smoothly  as  possible.  From 
this  curve  the  following  provisional  elements  were  computed: 

ELEMENTS.    I. 

V  —  +  32.2  km,  velocity  of  system  in  line  of  sight. 

e  =  0.45,  eccentricity  of  orbit. 

w  ^^  114:99,  position  of  periastron. 

U=  281'',  period. 

7"=  1899,  July  27.0,  time  of  periastron  passage. 

K  —  18.1  S  =  — =sin  i. 
1    p 

Using  these  elements  as  a  basis,  the  velocities  corresponding 
to  the  times  of  observation  were  computed,  and  are  given  in  col- 
umn 6  of  the  table.  A  least-squares  adjustment  of  the  elements 
was  then  undertaken.  On  account  of  their  juxtaposition,  the 
following  observations  were  combined  :  (5-6), (7-8),  ( 1 2-1 3-14), 
(15-16),  (21-22);  these,  with  the  other  observations  used  singly, 
gave  twenty-one  equations  of  condition.  The  form  of  the 
equations  was  that  given  by  Lehmann-Filhes,  except  that  the 
correction  to  the  velocity  of  the  system  was  introduced  as  an 
unknown.     The  following  are  the  resulting  elements: 

ELEMENTS.    H. 

F=  +  32.38  km  ±:  0.09  km. 

a  sin  i  =  62,020,000  km  zt  410,000  km. 

e  =  0.423  ±  0.006. 

w  =  1 19°0  d=   I  •  I. 
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U=  28i'*.8  ±  0^.7. 
T=  1899,  July  28^3  ±  0.5. 

To  =  d=  0.4  km  per  sec.  probable  error  of  a  single  observation 
of  weight  unity. 

\pvt>A      —      16.4. 

elements  I 

[pvz'^      =     7.1. 

elemenis  1 1 

The  dotted  curve  has  been  sketched  in  to  represent  these 
elements. 

The  spectrum  of  X  Dracojiis  is  very  suitable  for  accurate 
measurement.  It  closely  resembles  that  of  Procyon.  The  7/7 
line  is  well  defined,  and  the  metallic  lines  are  exceedingly  sharp 
and  well  separated. 

Lick  Observatory,  University  of  California, 
December  1899. 


A  PRISM   OF  UNIFORM   DISPERSION.' 

By  Charles  G.  A  h  h  o  t  and    F  i<  k  n  e  r  i  c  K  E.  F  o  w  l  e,   J  r. 

In  many  bolometric  researches  it  would  be  extremely  advan- 
tageous if  there  were  some  method  of  producing  a  spectrum  on 
the  normal  or  wave-length  scale,  and  without  attendant  large 
losses  or  inequitable  distribution  of  the  energy  of  the  source.  It 
is  well  known  that  neither  the  grating  nor  the  usual  prism  com- 
bines these  three  desiderata.  Indeed,  although  the  grating  per- 
fectly fulfills  the  first  condition,  in  that  it  produces  a  normal 
spectrum,  yet  its  fortuitously  irregular  distribution  and  great 
waste  of  radiations  have  generally  prevented  its  use  for  bolo- 
metric purposes.  Prisms  have  therefore  been  employed  very 
largely  in  connection  with  the  bolometer,  and  indeed  also  for 
most  stellar  spectroscopic  researches,  on  account  of  the  compara- 
tively small  losses  of  energy  attending  their  use,  although 
their  dispersion  varies  enormously  between  the  violet  and  red  or 
infra-red  ends  of  the  spectrum. 

It  occurred  to  us,  while  comparing  the  dispersion  curves  of 
rock-salt  and  flint  glass,  that  there  might  be  a  possibility  of  com- 
bining prisms  of  different  dispersions  and  different  angles  in 
such  a  way  as  to  give  a  spectrum  in  which  ecjual  increments  of 
deviation  should  correspond  approximately  to  equal  increments 
of  wave-length.  Preliminary  computations  with  a  parallel  sided 
combination  of  three  prisms,  of  which  the  central  one  was  rock- 
salt  and  the  two  outer  ones  glass,  satisfied  us  that  a  nearly  direct 
vision  prism  of  these  materials  would  be  a  very  great  improve- 
ment in  uniformity  of  dispersion  over  either  prism  taken  sepa- 
rately. 

Recently  ten  small  sample  prisms  of  glass  have  been  obtained 
from  Mr.  Brashear,  and  their  dispersion  curves  have  been  roughly 
determined     at     this     Observatory    between     the     wave-lengths 

'Published  by  permission  of  the  Secretary  of  the  ^pmithsonian  Institution. 
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0.4/iaiid  2.0/i,.  The  n  aiil  \  curves  are  given  in  the  accompany- 
ing illustration  (Fig.  i).' 

It  will  be  seen  that  there  is  a  gradual  modification  in  form  from 
first  to  last  among  the  ten  curves.  In  general  the  first  point  of 
inllection  is  in  the  red,  and  a  second  point  of  inflection  at  about 
1.8/i  has  begun  to  appear  in  the  later  members  of  the  series. 
The  earlier  curves  show,  both  actually  and  relatively  to  the  later 
curves,  far  greater  dispersion  in  the  visible  than  in  the  infra-red 
spectrum.  Comparing  the  first  ]jrism  with  the  last,  we  see  that 
both  have  excessive  dispersion  in  the  visible  spectrum,  but  the  first 
has  a  far  more  excessive  dispersion  here  than  the  last.  Hence 
a  small  angle  prism  of  the  first  kind  oj)]josed  to  a  large  angle 
prism  of  the  last  ought  to  correct  this  inequality  approxi- 
mately. 

Computations  were  made  for  several  such  combinations,  and 
it  was  found  that  very  good  results  could  be  secured.  Fig.  2 
illustrates  three  arrangements  of 
two  prisms  of  5°  10'  and  20°  angle 
respectively,  called  prisms  i  and  9 
in  what  follows.  In  the  first  case 
the  beam  AAA  is  assumed  to  enter 
the  thin  prism  at  zero  incidence, 
thus  emerging  from  the  thick  prism 
at  an  angle  of  emergence  of  about 

22 '.  Next  the  beam  BBB  is  supj)osed  to  enter  the  thick  prism 
at  about  22"  incidence,  emerging  nearly  normal  to  the  face  of 
the  thin  prism.  Third  the  beam  CCC  enters  the  thick  prism 
as  in  the  second  case,  but  is  reflected  at  the  last  face  of 
the  thin  prism  (supposed  silvered)  and  emerges  nearly  as  it 
entered. 

The  results  of  these  three  arrangements.  A,  B,  and  C,  are 
shown  in  curves  A,  B,  and  C  of  Fig.  3,  and  for  the  sake  of 
comparison,  curves  D  and  E  are  added  to  show  how  much  less 
uniform   is   the  dispersion  of  either  of  the  separate   prisms.      A 

'The  order  of  numbering  conforms  to  a  series  of  arbitrary  numljers  given  to  dis- 
tinguish the  prisms  prior  to  investigating  their  dispersion. 


Fig.  2. 
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suniiiiarv  of  the  optical  |)ro|)ertics  of  these  prisms  and  tlieir  com- 
binations is  ^ivcn  in  the  following  table: 


COMPARISON  OF  PRISMS. 


Arrangement 

Refrnctint; 
iniyle 

Ant'Ie  of 
incidence 

Mean  devi- 
ation, e 

'I'otal  disper- 
sion, A0, 
from  o.4fi  to 

Limiting  values  of  the 

,.          .         (ie 

dispersion    

(/A 

Maximum 

Minimum 

Prism  I 

5'    10' 

For  mini- 
mum devi 
ation 

3"  37' 

25'    14" 

180.0 

3-3 

Prism  9 

20°    0' 

"       "     " 

10°  17' 

43'  30' 

225.0 

14.2 

Combination  A 

00°  00' 

6'  47' 

18'  30" 

1 9-5 

9.0 

Combination  B 

21"   30' 

6°  47' 

17  ■  34" 

18.9 

9.6 

Combination  C 

21      30' 

180°  14' 

36'  50" 

37-5 

15-9 

From  an  inspection  of  the  table  and  the  curv^es  it  appears 
that  the  combination  C  t(ives  twenty-four  times  as  close  an 
approximation  to  uniformity  of  dis})ersion  as  j:)rism  i  and 
seven  times  as  close  an  approximation  as  prism  9.  Long 
stretches  of  curve  C  might  be  chosen  where  the  dispersion  is 
practically  uniform,  and  even  throughout  its  whole  extent  from 
0.4yu.  to  2.0/u.  the  greatest  dispersion  is  no  more  than  twice  the 
smallest.  The  convenience  of  the  arrangement  C  for  many 
researches  leaves  little  to  be  desired,  for  the  collimating  mirror 
or  lens  could  also  be  used  to  bring  the  spectrum  to  a  focus, 
since  the  beam  is  practically  returned  upon  itself. 

In  conclusion  it  may  be  said  that  while  no  general  mathe- 
matical treatment  of  the  problem  of  a  uniform  dispersion  prism 
has  been  attempted  by  us,  yet  we  have  obtained  what  will  be  for 
many  purposes,  we  hope,  a  sufficiently  close  approximation.  It 
seems  quite  possible  that  objective  prisms  for  photographic 
stellar  work  may  be  made  in  a  similar  way,  so  closely  normal  in 
dispersion  through  the  limited  range  of  wave-lengths  employed 
as  to  require  no  correction  whatever  to  compare  the  photographs 
with  grating  spectra. 

ASTROPHYSICAL  OBSERVATORY, 

S.MITHSO.NIAN  Institutk )N,  January  1900. 


TIIK  VARIABLE  VELOCITY  OF  yS  HERCVLIS   IN  THE 
LINE  OF  SIGHT. 

By  \V.  W.  C  A  M  IHEL  L. 

The  third  plate  of  this  star  was  measured  in  July  1899,  and 
since  the  result  differed  9  km  from  those  given  by  the  two  pre- 
vious observations,  its  velocity  was  assumed  to  be  variable. 
Additional  plates  amplv  confirm  the  variation. 

1S97  June  I,  ^   2i^-     kni-  ±.  underexposed 

iSgSJune  13,  — 31.9,  measures  by  Wright 

1899  February  26,  — 23.3,         "         "    Campbell 
July            31,  — 30.9,  "  "    Wright 
August      21,  — 30.8,         "         "    Campbell 

1900  January     10,  — 21.0,  "  "    Campbell 

The  period  is  undetermined,  but  it  appears  to  be  long. 

Note. —  I  am  indebted  to  Miss  Clarke's  interesting  article  in  the  Observa- 
tory, November  iSgg,  p.  389,  for  a  reference  to  the  Harvard  College  Observa- 
tory's list  of  stars  whose  spectra  are  apparently  composite.  This  portion  of 
Miss  Maury's  work  on  the  classific;itionof  star  spectra  was  unfamiliar  to  me; 
otherwise,  in  my  papers  announcing  the  discovery  of  the  variable  velocities  of 
o  Leonis,  /3  Capricorni  and  i;  Sagittarii,  I  should  have  called  attention  to  her 
recognition  of  the  composite  character  of  their  spectra.  Our  collection  of 
spectrograms  includes  two  or  more  plates  each  of  the  majority  of  the  stars  on 
Miss  Maury's  list  of  composites ;  but  no  evidence  of  variable  velocity  has 
been  detected  except  for  the  three  stars  mentioned  above. 

Lick  Observatory, 
January  1 1,  1 900. 
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THE  DETERMINATION  OF  THE  MOON'S  THEORETI- 
CAL SPECTROGRAPHIC  VELOCITY. 

By  \V.  W.   Campbell. 

Inasmuch  as  Ve?ius  a.nd  Mars  are  often  inaccessible,  it  is  some- 
times desirable  to  obtain  spectrograms  of  the  Moon,  in  order  to 
test  the  accuracy  of  radial  velocity  determinations.  The  Moon's 
apparent  velocity  in  the  observer's  line  of  sight  may  on  occasion 
amount  to  nearly  two  kilometers  per  second,'  and  is  made  up  of 
several  components,  as  follows  : 

1.  The  radial  velocity  V^  of  the  Earth's  center  with  reference 
to  the  Sun. 

2.  The  radial  velocity  V.^  of  the  Moon  with  reference  to  the 
Earth's  center. 

3.  The  component  V^  of  the  velocity  Fg  in  the  line  joining 
the  Sun  and  Moon. 

4.  The  component  V^  of  the  Moon's  orbital  velocity  (referred 
to  the  Earth's  center),  in  the  great  circle  passing  through  the 
Sun  and  Moon. 

5.  The  component  —  v^  in  the  line  of  sight  of  the  observer's 
velocity  due  to  the  Earth's  diurnal  rotation.  (The  component 
of  the  Moon's  rotational  velocity  with  reference  to  the  Sun  will 
not  exceed  the  half  of  one  hundredth  of  a  kilometer  per  second, 
and  may  be  neglected.) 

The  values  of  these  components  may  be  computed  quickly 
by  the  following  methods,  which  have  been  developed  with 
reference  to  utilizing  data  tabulated  in  the  Nautical  Almanac. 

I.  Let  losf  D,  be  the  loa;arithm  of  the  radius  vector  of  the 
Earth,  and  let  a  be  the  hourly  change  in  log  Z>,.  It  can  be 
shown  by  elementary  methods^  that  the  radial  velocity  of  the 
Earth's  center  in  kilometers  per  second  is  given  by 

■  Among  the  first  to  call  attention  to  this  subject  were  Ranyard  (in  the  Observatory, 
January  1892,  pp.  39-40),  and  Deslandres  (in  Comptes  Rendu s,  120,  419,  1895). 
'See  paper  on  "The  Mills  Spectrograph,"  this  Journal,  8,  151-154. 

T41 


142  It'.    IV.   CAMPBELL 

The  (juantities  Z),  and  t?  arc  tabulated  in  the  Nautical 
Ahnanac. 

2.  Let 

Ji   =  the  equatorial  radius  of  the  Earth  in  kilometers, 
Z>2  =  the  Moon's  distance  from  the  Earth's  center, 
p    =the  Moon's  horizontal  parallax,  and 
8/  =:the  change  in  the  parallax  in  12  hours; 
then 

^^^[^^  (.) 

■*       sin/  sin/ 

and 

hD.,  R  <,\\\  I "       cos/       »  r  T  2  ^    ?  >.         /   \ 

F,  =  -^=-— 7 .   -^/-  .  8/==-[4-934]cosec=/-8/  .      (3) 

*         8/  360G         sin^/ 

The    quantities   /    and    hp    are    tabulated    in    the    Nautical 

Almanac. 

3.  Let  E  be  the  angular  distance  between  the  Sun  and  Moon. 

Then 

V^=  —  V.^cosE.  (4) 

The  "  lunar  distance  "  E  is  tabulated  in  the  Nautical  Almanac. 

.  4.   Let  hE  be  the  variation  in  E  in  i  second, —  being  positive 

or  negative  according  as  the  distance  is  increasing  or  decreasing. 

Then 

F^^sin  i"  D.^s\r\E.^E^[4r-(i?>st^D^%mE  .hE  .  (5) 

The  value  of  D^  is  obtained  from  equation  (2).  The  lunar 
distance  E  and  the  arithmetical  complement  of  log  {^E)  are 
tabulated  in  the  Nautical  Almanac. 

5.  The  value  oi—Vj  is  given  by' 

—  z'^=  [9.672]  sin /cosScos  <^  .  (6) 

The   apparent   velocity   of  the    Moon    in  the  line  of  sight  is 

given  by 

V=^V^  +  V.^+  V^+  V^-v,.  (7) 

Example. — The  Moon  was  observed  with  the  Mills  spectro- 
graph at 

Mt.  Hamilton  sidereal  time,  1900,  January   g''    4**  30"; 
Greenwich  mean  time,  "  "         917    20. 

'  See  Astronomy  and  Astro- Physics,  ii,  319. 
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Determine  the  Moon's  theoretical  spectrograj^hic  velocity  at  this 
time. 

(I)  (2) 

Constant  =       4.980  Constant  =  3.805 

logZ)i=       9.993  sin  (57' 27")  =  8.223 

log^=__3^  log/?.,  =  ^ 

log  F,  =       8.793 
f^i  =  -\-  0.06   km 


Constant  = 

4-934 

log  F,  = 

8.649 

cosec*(57'  27")  = 

3-554 

O.161  n 

cos  1 14?'7  = 

9.62i„ 

log(-  1.45)== 

8.270 

log  Fg  =       8.649  y^=z  -\-  0.02  km 

Fg  =  +  0.04  km 

(5)  (6) 

Constant  =  4.686  Constant  =  9.672 

logZ>2^  5.582  sin26?5=  9.650 

sinii4?7=  9.958  cos  19.1=  9-975 

log(8.£")=  9.709  cos  37.3=  9.901 

log  ^4=       9-935  log(-z'^)=       9.198 

F^  =  -\-  0.86  km  —  ^d  =  +  o.i6  km 

(7) 
F^  =  -|-  0.06  km 

^2  =  +  °-°4 
F3  ^  +  0.02 
^4  =  +  o.86 

—  2/^=  +  0.16 

F=  +  1.14  km 

Measures  of  this  spectrogram  by  two  observers  gave,  as  the 
mean  observed  velocity,  +  1.46  km. 

Lick  Observatory, 
January  18,  1900. 


A  PROPOSAL  FOR  TlIK  PIIOTOMKTRIC  0BSP:RVA- 
TIOX  OF  THK  PLANET  MERCURY  DURING  THE 
TOTAL  SOLAR   ECLIPSE  ON   MAY  28,    1900. 

By  G.  MiJLLE  R. 

During  the  years  1878-1888  I  observed  the  j)lanet  J/rm^r). 
photometrically  as  often  as  its  visibility  in  the  morning  and 
evening  twilight  made  this  at  all  possible,  and  I  deduced  from 
these  observations  with  sufificient  accuracy  the  connection  between 
its  brightness  and  the  magnitude  of  the  phase  for  phase-angles 
from  50°  to  120".  The  discussion  of  these  observations  showed 
that  for  the  range  of  phase  in  question  the  light-curve  of  Mer- 
cury is  almost  absolutely  identical  with  the  light-curve  found  by 
other  observers  for  the  Moon.  It  further  appeared  that,  if  we 
may  conclude  as  to  the  brightness  of  the  planet  at  smaller  phase- 
angles  from  the  portion  of  the  curve  investigated,  the  behavior 
of  Mercury  is  very  similar  to  that  of  a  number  of  the  minor 
planets,  and  that  therefore  approximate  values  of  the  diameters 
of  these  small  bodies  could  be  deduced  on  the  assumption  of  an 
etjual  albedo. 

These  conclusions,  which  are  not  without  interest  in  them- 
selves, could  be  subjected  to  a  considerably  sharper  test  if  it 
should  be  possible  to  determine  directly  the  brightness  of  Mer- 
cury at  phase-angles  between  0°  and  50°  by  photometric  measure- 
ments. At  other  stations  more  favorably  situated  than  the  Pots- 
dam Observatory  in  respect  to  the  purity  of  the  air,  as,  for  instance, 
at  mountain  stations,  and  perhaps  also. in  more  southern  latitudes, 
it  would  certainly  be  possible  to  follow  Mercury  closer  to  the 
conjunctions  than  I  was  able  to  do  ;  but  under  any  circumstances 
it  could  only  be  a  question  of  the  gain  of  very  few  degrees  of 
the  phase-angle,  and  it  would  always  be  necessary  to  take  into 
the  bargain  the  disadvantage  that  the  observation  would  have  to 
be  made  at  very  low  altitudes. 
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But  as  I  have  alreadv  iiulicated  in  niv  memoir  on  tlic  Biijj^ht- 
ness  of  the  Tlanets  iyPotsdamer  Publicationcn,  Band  VIII,  p.  311), 
total  solar  eclij)ses  under  some  circumstances  offer  an  excellent 
opportunity  to  fill  out  the  <:;ap  in  the  light-curve  of  Mercury,  and 
to  observe  the  planet  photometrically  during  the  daytime,  and 
even  when  it  is  high  above  the  horizon.  In  this  respect  the 
approaching  total  solar  eclipse  of  May  28  will  be  especially 
favorable,  and  I  therefore  desire  to  respectfully  recommend 
that  this  opjjortunity  should  not  be  allowed  to  pass  unutil- 
ized. 

The  eclipse  will  be  visible  in  the  southern  part  of  North 
America,  in  Portugal,  Spain,  and  North  Africa.  According  to 
the  Nautical  Almanac,  Mercury  reaches  suj:)erior  conjunction 
with  the  Sun  on  May  29,  at  19**  G.  M.  T.  The  following  values 
are  computed  for  the  phase-angle  : 

May  28,  o'^  G.  M.  T.  7?3 
May  29,  o''  G.  M.  T.  3?6 

Totality  will  begin  at  i**  32""  G.  M.  T.  for  an  observing  station 
on  the  eastern  coast  of  America,  and  at  4''  2™  G.  M.  T.  for  a 
place  on  the  coast  of  Portugal.  The  phase-angle  of  Mercury 
therefore  amounts  to  7°  at  the  eclipse,  and  its  angular  distance 
from  the  Sun  to  something  over  2°. 

As  to  the  brightness  of  the  planet,  this  (expressed  in  stellar 
magnitudes)  may  be  computed,  according  to  my  investigations, 
between  the  range  of  phase  from  50°  to  120°  for  any  moment, 
according  to  one  of  the  two  following  formulae  : 

(I)  /^  =  — 1.041  +  5(log  ^-4- log  A  — log  r„)  +  0.03679(0—50) 
(II)  //  =;  —  0.901  +  5(log  r-j-  log  A  —  log  rj  +  0.02838(0 —  50)  + 

0.0001023(0 —  50)2, 

where  a  is  the  phase-angle,  r  and  A  the  appropriate  distances  of 
the  planet  from  the  Sun  and  Earth,  r^  is  the  mean  distance  of 
Mercury  from  the  Sun.  If  the  formulae  are  applicable  for  smaller 
phase-angles  than  50°,  we  obtain  for  the  brightness  of  il/i-ra/r^ 
at  the  time  of  the  total  eclipse  the  value  — 2.5  according  to 
formula  (I),  and  — 1.8   magnitudes  according   to   formula  (II). 
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The  brightness  would  therefore  be  just  about  the  same  as  that  of 
the  jihinet  Jupiter  at  its  mean  distance. 

Wniis  is  the  most  suitable  object  for  comparison,  being  about 
40"  east  of  the  Sun  at  the  time  of  the  eclipse.  Her  angle  of 
phase  is  1 13,  and  she  hapj^ens  to  be  exactly  at  her  greatest  bril- 
liance (brightness  -'-  —  4.2  magnitudes),  and  she  can  be  per- 
ceived with  the  naked  eye  in  full  sunlight. 

The  (juestion  might  be  raised  whether  the  short  duration  of 
totality,  being  only  i""  45^  on  the  eastern  coast  of  America,  and 
only  i""  33*  in  Portugal,  is  sufficient  for  a  precise  determination 
of  brightness.  To  this  may  be  rcjjlied  that  inasmuch  as  Veims 
can  be  observed  both  before  and  after  totality  in  conse(juence  of 
her  favorable  position,  the  whole  duration  of  totality  can  be 
employed  for  measurements  on  Mercury  alone.  A  j^racticed 
observer,  however,  is  easily  able  to  make  from  four  to  six  settings 
of  the  photometer  in  one  and  a  half  minutes,  which  are  quite  suf- 
ficient for  furnishing  an  accurate  measurement  of  the  brightness. 
During  the  day  jjrevious  to  the  eclipse  the  most  favorable  aper- 
ture for  the  observation  of  Vc7iiis,  as  well  as  the  necessary  shade 
glasses,  may  be  tested,  and  since  the  difference  of  brightness  to 
be  measured  between  Veiuis  and  Mercury  amounts  to  about  two 
magnitudes,  the  conditions  may  be  realized  in  advance  under  which 
the  measurements  must  be  carried  out  during  the  eclipse.  An 
accurate  value  of  the  brightness  of  Venus  can  be  made,  if  neces- 
sary, on  the  days  before  and  after  the  eclipse  by  comparison  with 
bright  stars.  It  would  be  advisable  to  employ  small  objectives 
of  very  short  focus,  as  I  have  always  done  in  my  observations  of 
planets,  in  order  to  obtain  images  of  the  planets  in  the  form  of 
points  ;  it  is  also  desirable  to  employ  only  those  j)hotometers 
with  which,  as  in  the  case  of  Zollner's,  the  effect  of  the  different 
brightness  of  the  background  of  the  sky  is  eliminated. 

Unless  entirely  unexpected  difficulties  should  arise,  I  feel 
convinced  that  it  should  be  possible  to  obtain  a  thoroughly  reli- 
able determination  of  the  brightness  of  Mercury  during  the 
eclipse.  I  hope  myself  to  be  in  a  position  to  make  an  attempt 
of  this  sort  at  a  station  in  Portugal  ;  but  as  this  experiment  might 
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possibly  fail  on  account  of  unfavorable  weather,  or  for  other 
reasons,  I  beg  to  direct  the  attention  of  those  astronomers  who 
intend  to  observe  the  approaching  eclipse  —  and  especially  those 
who  are  experienced  in  ]jhotomctric  measurements  —  to  the 
j)roblem  here  proposed,  and  to  request  their  kind  cooperation  in 
order  that  so  favorable  an  opportunity  for  extending  our  knowl- 
edge of  the  conditions  of  illumination  of  the  planets  may  not  be 
unutilized. 

Potsdam,  AsxRornvsiKALiscnEs  Observatorium, 
February  8,  1900. 


ox  TIIK  LAW  OF  DIURNAL  ROTATION  OF  THE 
OI'TICAL  FIFLD  OF  THE  SIDEROSTAT  AND 
HKLIOSTAT. 

By  M.  A.  Corn  u. 

The  well-known  instruments  known  as  the  Hcliostat  and  the 
Siderostot  permit  a  beam  of  light  coming  from  a  heavenly  body 
sharing  the  diurnal  motion  to  be  sent  in  a  constant  direction  by 
means  of  a  movable  mirror.  The  geometrical  theory  of  these 
instruments  is  very  simple;  the  heavenly  body  is  considered  as 
a  luminous  point  and  the  incident  beam  is  regarded  as  a  straight 
line  which  in  twenty-four  hours  describes  a  cone  of  revolution 
around  the  polar  axis  of  the  instrument,  which  is  itself  parallel 
to  the  Earth's  axis.  In  order  to  secure  the  fixity  of  the  reflected 
beam  it  i ;,  necessary  and  sufficient  that  the  normal  to  the  mirror 
shall  remain  parallel  to  the  bisector  of  the  angle  between  the 
ray  coming  from  the  heavenly  body  and  a  given  fixed  direction. 
This  is  the  condition  which  is  more  or  less  perfectly  realized 
in  the  instruments  invented  by  S'gravesande,  Gambey,  Silber- 
mann,  Foucault,  and  others. 

If  the  beam  reflected  by  the  mirror  thus  guided  is  received 
by  a  telescope  along  its  principal  axis,  the  focal  image  of  the 
heavenly  body  will  remain  fixed  in  the  center  of  the  field  of 
view  in  spite  of  the  angular  displacement  of  the  celestial  sphere. 
But  this  condition  of  fixity,  geometrically  realized  for  the 
object  under  examination,  is  no  longer  fulfilled  for  the  neigh- 
boring regions  :  it  is  easily  shown  that  the  field  of  view  turns 
about  its  center  in  such  a  way  as  to  effect  a  complete  revolution 
n  twenty-four  hours.  The  velocity  of  rotation  is  not  uniform, 
and  thus  the  angular  displacement  of  the  field  varies  with  the 
time  in  accordance  with  a  law  which  it  is  important  to  deter- 
mine. 

Let  us  represent  the  celestial  sphere  by  a  sphere  of  unit 
radius,  and  each  line   of  sight  on    the   sky  by  the   projection   on 
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this  sphere  of  a  straight  line  passing  through  the   center  parallel 
to  this  direction. 

Let  NESIV  be  the  circle  of  the  true  or  aj)j)arent  horizon 
(Fig.  i);  /^  the  celestial  pole;  Z  the  zenith  ;  PZS  the  meridian 
of  the  place;  PD  the  hour  circle  of  the  star  D,  and  D'  the  jjoint 
of  the  true  or  apparent  horizon 
toward  which  the  reflected  beam 
is  constantly  directed. 

The  position  of  the  star  D  is 
defined  at  any  instant  by  its  polar  n_ 
distance  h  —  PD,  and  its  hour 
angle  AH  =  SPD  counted  posi- 
tivel}-  in  the  direction  of  the 
diurnal  motion,  from  the  east  E 
toward  the  west  W.  Similarly 
the  point  D'  is  determined  by  its  polar  distance  p^^PD'  and  by 
the  angle  w  —  SPD',  which  the  plane  PD'  makes  with  the 
meridian.  We  will  call  this  plane  SPD,  which  is  the  hour  circle 
passing  through   the    point  D'  extended,  the  reference  planed 

If  in  place  of  p  and  to  there  were  given  the  azimuth  a-  SD' 
and  the  arc  PS,  the  supplement  of  the  latitude  Z,  p  and  tu  would 
be  calculated  by  the  aid  of  the  two  following  expressions  fur- 
nished by  the  right  triangle  PSD' : 

tan  a 

cos  p  =:  cos  a  cos  Z, 


tan  (u 


sin  L 


In  order  that  the  beam  coming  from  the  star  D  shall  be  con- 
stantly reflected  to  D' ,  it  is  necessary  and  sufficient,  according 
to  the  laws  of  reflection,  that  the  projection  M  of  the  normal  to 
the  mirror  shall  be  maintained  by  the  mechanism  at  the  middle 
of  the  arc  of  the  great  circle  DD' .      Knowing  at  any  instant  the 

'The  use  of  stereographic  projection  on  the  circle  of  the  horizon  permits  all  of 
these  arcs  of  circles  to  be  rigorously  traced  out :  it  is  well  to  adopt  it  in  order  to 
verify  graphically  the  size  and  direction  of  the  calculated  angles.  But  this  manner 
of  projection  has  the  inconvenience  of  so  greatly  distorting  the  sides  of  the  spherical 
triangles  which  rise  from  the  circle  of  the  horizon  that  the  use  of  these  projections  is 
more  troublesome  than  useful  for  the  clearness  of  the  demonstrations.  For  this  reason 
schematic  figures  are  employed  here  instead  of  any  regular  system  of  projection. 
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projection  J/ of  this  normal,  we  can  draw  the  projection  of  the 
direction  in  which  a  ray  emitted  from  any  j)oint  whatever  of  the 
celestial  sphere  is  reflected  by  tlic  mirror:  it  is  only  necessary  to 
join  this  point  to  the  point  M  by  an  arc  of  a  great  circle  and  to 
prolong  this  arc  through  an  equal  distance.  Thus  the  image  P' 
of  the  pole  /^  is  on  the  arc  /'J/ prolonged  to  the  j)oint  P' ,  so 
ihdit.  MP'  MP.  The  reflected  sj^herical  image  of  the  various 
points  of  the  celestial  sphere  is  thus  at  any  instant  symmetrical 
to  their  direct  position  with  respect  to  the  point  M. 

It  follows  from  this  that  the  orientation  of  the  field  of  view 
is  wholly  determined  by  the  knowledge  of  the  reflected  image 
of  any  given  point  except  that  occupied  by  the  star  at  the 
center.  The  pole  P,  because  of  its  fixed  position  on  the  celestial 
sphere,  is  particularly  adapted  for  this  purpose,  and  its  image 
P'  constitutes  a  most  simple  and  conve'nicnt  standard  of  com- 
parison. 

We  will  now  calculate  for  each  instrument  the  distance  and 
the  orientation  of  the  image  P'  of  the  pole,  i.  e.,  the  length  of 
the  arc  D' P'  and  the  angle  F  made  by  this  arc  with  the  great 
circle  PD'  P^,  the  projection  of  the  reference pla tie. 

Siderostat. —  This  name  is  used  to  designate  the  apparatus 
specially  constructed  for  the  purpose  of  sending  a  reflected  beam 
toward  the  southern  horizon. 

The  advantage  of  this  arrangement,  which  was  devised  by 
Leon  Foucault,  is  to  reduce  as  far  as  possible  the  angle  of  inci- 
dence DM ~  D' M  oi  the  rays  coming  from  stars  which  at  their 
upper  transit  culminate  near  the  zenith  or  the  e(]uator :  the 
aberrations  of  the  reflected  image  caused  h\  imperfections  of  the 
mirror  are  thus  materially  reduced.  Fig.  i  represents  the  course 
of  the  beam  coming  from  the  star  D  and  sent  by  the  siderostat 
in  a  horizontal  direction  ;  it  makes  with  the  southern  meridian 
an  angle  a,  which  is  counted  positively  toward  the  west ;  a  is 
generally  a  small  fraction  of  a  right  angle. 

I.  Distance  D' P'  from  the  image  P'  of  the  pole  to  D' ,  the 
center  of  the  field.  The  arc  D' P'  is  the  side  of  the  triangle 
MD' P'  symmetrical  with  the  triangle  MDP,  since  MD'  =M D 
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and  MP'  =MP.  These  two  triangles  are  e(|ual,  as  they 
have  an  e(jual  angle  at  iM  included  between  two  equal  sides. 
The  two  sides  D'  P'  and  /)/*  opposite  the  equal  angle  are  thus 
ecpial:  D'  P'=DP=h.  Thus  the  distance  D' P'  from  the 
vnage  of  the  pole  to  the  image  of  the  star  [cetiter  of  the  field)  is  equal 
to  the  polar  distance  of  the  star  observed.  From  this  it  follows  that 
the  image  of  the  pole  describes  about  the  center  of  the  field  a  circle 
ivith  a  radius  equal  to  the  polar  distance  of  the  star  observed. 

2.  Orientation  of  the  arc  D' P' .  —  Let  Y  be  the  angle  which 
the  arc  D' P'  makes  with  D' P^,  the  prolongation  of  the  pro- 
jection of  the  reference  plane  DP.  Y^^ P^D' P' =  'rr  —  PD' P' 
=  Tr—{PD'  D  +  DD'  P')='jr—{PD'  D  +  PDD'),  for  DD' 
P'  =  PDD'  on  account  of  the  equality  of  the  triangles  MDP 
andMD'P'.  The  desired  angle  Y  is  thus  the  supplement  of 
the  angles  at  the  base  of  the  triangle  PDD' ,  the  apex  of  which 
is  at  P.      From  Neper's  formula 

cos  ~(b  —  c) 
I  /        ,     ^x                 2  ^  A 

tan  -  (7?  4-  C)  = cot  —  , 

cos  -{0  -\-  c) 
we  have,  by  substituting  A  ^  DPD' ^  AH —  &),  b  ^^  p,  c=^^, 

cos  -  (p  —  8) 

1  2  1 

tan  -  K  = tan  -  (AH  —  <o) , 

2  I  2 

cos  -  (p  -|-  S) 

2 

an  expression  which  gives  the  orientation  of  the  arc  D' P'  and 
hence  the  law  of  rotation  of  the  field  of  view,  as  AH  varies 
proportionally  to  the  time. 

If  we  take  as  the  origin  of  time  the  moment  when  the 
observed  star  is  in  the  reference  plane, /=  O  for /i// — o)  =  o, 
and  for  the  unit  of  time  the  sidereal  or  solar  day  (depending 
upon  the  object  observed),  we  have  AHat—iirt  and  the 
expression  for  F  takes  the  symmetrical  form 


tan  -  Y=  K tan  -zirt , 

2  2 


where 
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cos  -  (p  —  8) 

2 

COS  -  (p  -f  8) 

2 


and    AH—u)-~2-rrt 


Fig.  2. 


It  ininiccliatclv  follows  : 

a.  That  the  rotation  of  the  field  has  the  same  period  as  the  diurnal 
motion. 

b.  It  is  continuous  and  always  in  the  same  direction,  direct  or 
inverse,  according  to  the  sign  of  K. 

c.  The  reference  playie  is  a  plane  of 
symmetry,  for  the  angle  Y  takes  equal 
values  with  contrary  signs  for  equidis- 
tant epochs  on  opposite  sides  of  the 
origin  of  time. 

This  law  of  rotation  might  be  repre- 
sented geometrically  by  a  curve  plotted 
with  the  time  as  abscissa  and  the  angle 
Fas  ordinate.  But  a  more  direct  con- 
figuration of  the  rotation  of  the  field 
mav  be  obtained  by  considering  the 
arc  DP'  as  the  moving  radius  vector  of  the  circle  described 
bvP'.the  image  of  the  pole,  and  by  tracing  the  successive 
divisions  of  this  radius  vector  at  equidistant  epochs,  aliquot 
parts  of  a  day.  Fig.  2  is  a  representation  of  this  character  on 
the  plane  tangent  to  the  sphere  zX.  D' :  the  twenty-four  succes- 
sive positions  of  DP'  are  projected  as  straight  lines  ;  they  cor- 
respond to  a  subdivision  of  the  day  into  twenty-four  hours.  The 
origin  of  time  /  -  o  corresponds  to  D'  P^,  the  projection  of  the 
reference  plane  and  axis  of  symmetry. 

3.  Expression  for  the  angular  velocity. — The  angular  velocity 
of  rotation  at  the  epoch  /  is  obtained  by  taking  the  derivative  of 
the  expression  for  Kwith  respect  to  t ;  after  making  the  neces- 
sary reductions  we  obtain  the  formula 

dY  K 

=  2  ir 

dt  C0%^  TT  t -\- K' %VIX' ir  t 

The    denominator   is    necessarily    positive,    the    velocity    always 
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liaving  the  sign  of  K ;  it  varies   jjeriodically   between   the   value 
lirK,  corresponding   to    the  epochs   /  =  o,  i,  2 and   the 

value  -—  ,  corresponding  to  the  intermediate  epochs  /=-,-,-, 

.   .   .    .   passing   through  the    value    2  tt,    the  angular  velocity  of 
the  diurnal  motion,  at  the  epochs  given  by  the  condition 

cos=  TT  /  +  iST''  sin'  TT  /  -=:  A' 

or 

±  I 
tan  TT  /  =  — r:=^^  . 


V  I  +  K 
As  the  positions  of  the  star  which  are  most  favorable  for  obser- 
vation (upper  transit)  are  near  the  reference  plane  t  =  0,  the 
velocity  of  rotation  may  be  considered  as  constant  and  equal  to 
2  7rK,  for  this  velocity  varies  but  little  in  the  neigborhood  of 
t—  0,  since   it   corresponds   to  a  maximum  or  a  minimum.     The 

2  TT      . 

velocity   -r^  is   never  realized   with    the    siderostat,    with    which 
A 

lower  transits  cannot  be  observed. 

The  unit  of  angular  velocity  is  evidently  2  tt  or  one  circum- 
ference per  day  ;  if  another  imit  is  preferred,  for  example,  to 
express  the  velocity  in  minutes  of  arc  per  minute  of  time  or 
more  generally  in  //'''^  of  a  circumference   per  ;;/'''*  of  a  day,  it  is 

only   necessary   to    substitute  —  for   2  tt.      This   change  of  units 

amounts  to  the  same  thing  as  placing 

y  _}''  ^L  —  l. 

2  TT  «    '  I  /«   ' 

whence 

dy'  _     I    n  dY 
dir         27r  m    dt 

As  there  are  ;/ ^^  360  X  60   minutes  of  arc   in   the   circumference 

and  m  =r  24X60  minutes  of  time,  the  velocity  iir  K,  or  —   K,  is 

here  equal  to    15  K ;  we  thus   find    1 5 '   of  angle   per  minute  of 
time  for  the  angular  velocity  of  the  diurnal  motion  Ar=  i. 

4.  Direction  of  rotation  of  the  field  of  view. —  Let  us  suppose 
that  the  observer  is  receiving  the  luminous  beam  ;   he  thus  looks 
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to\v;ircl  the  center  of  the  sphere  aloiiLi:  the  radius  which  termi- 
nates at  D' ,  whence  it  results  that  the  direction  of  the  motion  of 
rotation  will  be  that  which  an  observer  placed  in  the  direction 
D'  outside  of  the  sphere  will  attribute  to  the  motion  of  the  arc 
DP'.  From  the  expression  for  }'it  is  evident  that  Fand  RA^= 
&)  will  be  of  the  same  sign  if  the  coefficient  A' is  positive.  The 
direction  of  the  diurnal  motion,  /.  r.,  the  direction  of  the  posi- 
tive variation  of  RA,  is  known  ;  it  is  seen  in  the  figure  that 
when  the  right  ascension  of  the  star  D  increases  the  arc  PD, 
seen  from  outside  the  sj)here,  turns  in  the  direction  of  the  hands 
of  a  watch  ;  thus  for  a  positive  value  of  K,  F  varies  in  the  same 
manner.      The  condition  under  which  K  is  positive  is  exidently 

1  I  TT 

cos  -  (p  +  8)  >  o  ,    -  (p  -|-  8)  <  -  ,    8  <  TT  —  p  . 

2  2  2 

Whence  we  conclude 

Wlicn  the  polar  distance  of  the  observed  star  is  less  than  the 
snpplonent  of  the  polar  distance  of  the  reflected  direction,  the  appar- 
i  it  direction  of  rotation  of  the  field  of  vieiv  of  the  sidcrostat  is  that 
of  the  hands  of  a  watch. 

It  is  in  the  contrary  direction  if  the  polar  distance  of  the  star  is 
less  than  this  supplement.  0\  nervation  with  an  astronomical  tele- 
scope does  not  change  the  dnection  of  rotation:  the  reversal  of 
the  image  is  confined  to  turning  through  i8o°  the  direction  of 
the  origin  D' P^. 

5.  Critical  polar  distance  :  fixed  field  of  view. — The  jjoint  of 
transition  between  these  two  cases  corresponds  to  the  condition 
K  =^0,  that  is  cos  \  (p  -)-  8)  =  o  ;  the  value  of  V  remains  con- 
stantly 7,ero,  whatever  be  the  right  ascension  of  the  star.      Hence 

The  field  of  viezv  of  the  siderostat  remains  vigorously  fixed  when 
the  polar  distance  of  the  observed  star  is  equal  to  the  supplement  of 
the  polar  distance  of  the  direction  of  reflectio?i. 

This  case  of  absolute  immobility  of  the  field  has  a  correspond- 
ing geometrical  peculiarity  which  renders  the  result  evident.      It 

is    in   fact   easily  shown  that   \i  p  -{-  h  —  ir,  the  arc  P M  —  -  ;  the 

normal    to   the  mirror    becomes   normal    to   the   line  joining  the 


ROTA  TION  OF  SIDEROSTA  T  FIELD  I  5  5 

poles,  and  thus  the  mirror  is  parallel  to  the  Karth's  axis.  Further- 
more the  arc  PM  bisects  the  angle  DPD' ,  and  consequently 
the  mirror  turns  through  an  angle  ecjual  to  half  the  change  in 
the  hour  angle.  These  are  the  two  characteristic  conditions  of 
the  Coclostat  of  M.  Lipjjmann,  a  very  simj^le  instrument  which 
gives  an  absolutely  fixed  image  of  the  sky.  It  consists  of  a 
mirror  turning  about  an  axis  parallel  to  its  own  plane  and  to  the 
Earth's  axis  with  an  angular  velocity  equal  to  half  that  of  the 
diurnal  motion  and  in  the  same  direction. 

The  siderostat  may  thus  replace  the  coelostat  for  a  region  of 
the  sky  surrounding  a  star  of  polar  distance  3.  It  is  only  neces- 
sary to  send  the  reflected  beam  in  a  direction  such  as  to  satisfy 
the  condition  /j  +  S^tt,  i.  e.,  along  one  of  the  genera  ors  of  the 
cone  of  revolution  which  makes  with  the  Earth's  axis  the  angle 
TT  —  S,  the  supplement  of  the  polar  distance.  It  is  well  to  be 
acquainted  with  this  property  of  the  siderostat,  for  in  certain 
cases  it  can  be  used  without  serious  inconvenience. 

6.  Siderostat  oriented  in  the  ?neridian. —  This  is  the  most  com- 
mon arrangement  of  the  siderostat  :  the  horizontally  reflected 
beam  is  directed  exactly  toward  the  south.  It  follows  from 
this  that  oj  ^  0, /3  =  TT  —  Z,  Z,  being  the  latitude.  The  angle  Y 
is  the  angle  which  the  arc  D' P'  makes  with  the  meridian,  which 
now  becomes  the  plane  of  reference  and  of  symmetry.  The 
expression  for  Y  takes  the  form 


where 


The  above  propositions  then  become  very  simple. 

With  the  siderostat  oriented  in  the  meridian,  the  field  of  view  is 
fixed  when  the  polar  distance  of  the  observed  star  is  equal  to  the 
latitude  of  the  place  of  observation.  The  rotation  of  the  field  is  in 
the  direction  of  the  hands  of  a  zvatch  if  this  polar  distance  is  less 
than  the  latitude ;  i?i  the  inverse  direction  if  it  is  greater. 


I 
1  - 

2 

Y=K  tan 

2 

sin-  (Z 

-8) 

K 

2 

sin  -  (Z 

2 

+  8) 
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The  coefficient  K,  which  defines  the  practically  constant  value 
of  the  velocity  of  rotation  of  the  field  as  a  function  of  the  diurnal 
rotation,  is  alwavs  less  than  unity. 

The  followinix  numerical  values  are  for  the  latitude  of  Paris 
Z,  =  48°    50',   S    increasing    by    successive   stej)s   of    10°    (upper 

transit). 
& 

o'  (pole) 
10 
20    - 


30 

40    - 
48  50  /. 
50    - 
60 


K 

S 

1. 000 

70 

0.677 

80 

0.440 

go 

0.258 

100 

0.105 

I  10 

0.000 

I  20 

-0.013 

130 

•0.120 

K 
-0.213 
-0.2q8 
-0.376 
-0.448 
-0.518 
-0.585 
-0.651 


HcUosti7t. — This  instrument  sends  the  reflected  beam  in  the 
direction  of  the  northern  horizon,  rarely  beyond  N.  E.  or  N.  W. 

Fig.  3  re])resents  the  beam  coming 
from  the  star  D  and  sent  in  the  hori- 
zontal direction  D\  making  with  the 
north  meridian  an  angle  NPD" ^^a\ 
counted  positively  toward  the  east.  The 
pole  is  at  P,  SPD  is  the  hour  angle  and 
h  the  polar  distance  of  the  observed 
star  D.  We  shall  designate  by  w'::^ 
NPD"  and  p' =  PD"  the  hour  angle 
and  the  polar  distance  of  the  direction 
of  reflection  D" ,  which  may  be  deduced  as  before  from  the 
azimuth  a'  and  the  latitude  L  by  means  of  the  right  triangle 
NPD" .  The  normal  M  to  the  mirror  is  at  the  middle  of  the 
arc  DD" ,  and  the  image  P'  of  the  pole  is  on  the  arc  /'A/' pro- 
duced so  that  ^/"'=:J//^. 

The  angle  of  rotation  of  the  field  will  be  determined  by  the 
angle  made  by  the  arc  D" P"  with  the  projection  of  the  reference 
plane  PD" . 

Let  Y'=PD''P"  be  this  angle;  it  might  easily  be  deduced 
from  the  expression  for  Y  for  the  siderostat,  which  is  similarly 
defined.      Rut  it  is  simpler  to  calculate  it  directly. 
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The  triangles  PDM  ■a.w'X  P" D" M  are  equal,  as  they  have  an 
equal  angle  at  i)/ included  between  two  e(|ual  sides  DM—D"M, 
PM  -^  P"  M.     Thus/) "  P"       PD     .  8. 

Thus,  as  ill  the  case  of  the  siderostat,  f/ic  image  of  the  pole 
rcjlectcd  by  the  hcliostat  describes  about  the  center  of  the  field  a  circle 
xvitli  a  radius  equal  to  the  polar  distance  of  the  observed  star. 

Furthermore, 

Y'  =  FD"F^PD"D+DD"P"      PD"D-\-  D"DP' , 

in  consequence  of  the  equality  of  the  two  triangles  PMD  and 
P" MD" .  The  angle  Y'  is  thus  the  sum  of  the  two  angles  at  the 
base  of  the  triangle  PDD" ,  whose  apex  is  at  P.  From  Neper's 
formula  referred  to  above  we  obtain,  after  substituting 

b^zp\  c  =  Z,  a.nd  A —  IT  —  AH-\- ay' , 
cos  -  (p'  —  8) 

I  2  1 

tan-  Y'  =  tan -(AH—  w'). 

cos-(p  +8  ) 

2 

Fis  counted  positively  in  the  direction  of  the  hands  of  a  watch. 
This  expression  may  also  be  put  in  the  form 


where 


tan-  V   =A     tan~27r/, 

2  2 

cos  -(p'  —  8) 

2 

K   = and    AH  —  w   =  2  tt  /  . 

cosi-(p'H-8) 

Thus  we  again  obtain  the  three  conclusions  (<?),  [b'),  (c), 
demonstrated  above  for  the  siderostat.  It  is  unnecessary  to 
repeat  the  discussion,  which  would  be  quite  similar  ;  but  we  wish 
to  call  special  attention  to  the  practical  points  of  difference 
between  the  two  instruments.  With  the  heliostat  the  coef^cient 
K'  is  always  greater  than  unity  and  retains  the  positive  sign 
under  the  conditions  in  which  the  heliostat  is  ordinarily 
employed,  i.  e.,  in  the  observation  of  the  upper  transit  of 
heavenly  bodies   near  the  zenith  or  the  equator,  reflected   in   a 
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direction  which  docs  not  greatly  differ  from  that  of  the  northern 
horizon. 

l^y  developing  the  value  of  the  cosine  we  may  write  A"  in  the 
form 


I  -\-  tan  -  p    tan     d 


K'  = 


I  —  tan  -p    tan  -  0 
2  2 


The  +  sign  of  the  coefificicnt  A"  here  corresponds,  as  may 
be  seen  in  the  figure,  to  a  variation  in  Y'  contrary  in  direction 
to  that  of  the  hour  angle  AH.      Hence  we  conclude  that 

The  field  of  view  of  the  hcliostat,  wider  the  actual  conditions  of 
observation,  turns  zvith  an  angular  velocity  ivhich  is  ahvays  greater 
than  that  of  the  diurnal  motion  ;  the  direction  of  rotation  is  that  of  the 
hands  of  a  icatch. 

This  conclusion  puts  in  evidence  a  new  cause  for  the  inferiority 
of  the  heliostat  as  compared  with  the  siderostat.  To  the  inconven- 
ience arising  from  the  reflection  at  great  angles  of  incidence  from 
the  mirror  of  the  heliostat  must  be  added  that  of  a  great  velocity 
of  rotation  of  the  field  of  view.  These  two  conditions  are  unfavor- 
able for  observations  which  require  in  the  images  both  great 
perfection  and  complete  stability.  On  account  of  this  fact  the 
siderostat  is  to  be  preferred  for  astronomy  of  precision. 

But  this  rapidity  of  rotation  of  the  field  is  not  always  an 
inconvenience  ;  for  certain  astrophysical  observations  it  is  on  the 
contrary  advantageous,  in  that  it  dispenses  with  the  necessity  of 
emploving  complex  and  delicate  optical  arrangements ;  here 
is  an  example. 

Suppose  we  project,  with  the  aid  of  a  suitable  objective,  the 
solar  image  reflected  by  a  heliostat  on  to  the  slit  of  a  spectro- 
scope of  high  dispersion  for  the  purpose  of  studying  the  dis- 
placement of  lines  due  to  the  motions  of  the  solar  surface.  The 
most  favorable  condition  occurs  when  the  solar  equator  is  nor- 
mal to  the  slit ;  if  the  image  is  oscillated  in  such  a  way  as  to 
make  the  opposite  limbs  of  the  disk  successively  tangential  to 
the  slit,  one  may  obtain  twice  the  maximum  displacement  due  to 


J^OTA  riON  OF  SIDEROSTA  T  FIELD  I  59 

the  difference  of  the  radial  velocities  at  the  e(|uator  (method  of 
oscillating  lines). 

Except  under  unusual  circumstances  the  image  of  the  solar 
disk  will  not  be  fouiul  in  this  favorable  azimuth  and  will  have 
little  chance  of  attaining  it  if  a  sidcrostat  is  emi)loyed,  since 
with  this  apparatus  the  velocity  of  rotation  of  the  field  of  view 
is  zero  or  very  small. 

In  order  to  bring  the  equator  to  the  rcfjuired  azimuth  it  is 
necessary  to  make  use  of  an  auxiliary  apparatus  consisting,  for 
example,  of  an  isosceles  total  reflection  prism,  movable  about  an 
axis  parallel  to  its  base  ;  rotation  of  this  prism  changes  the  azi- 
muth of  the  Sun's  disk  by  twice  the  angle,  which  permits  the 
equator  to  be  placed  perpendicular  to  the  slit  in  the  two  succes- 
sive positions  i8o°  apart,  which  give  the  maximum  double  dis- 
placements in  the  inverse  order.  But  the  prism  must  be  very 
perfect  both  as  to  material  and  flatness  of  the  surfaces.  More- 
over, the  rotating  mounting  which  carries  it  is  rather  difficult  to 
construct  and  adjust. 

With  the  heliostat,  the  natural  rotation  of  the  field  of  view 
renders  this  auxiliary  apparatus  unnecessary  ;  it  is  sufficient  to 
await  the  effect  of  this  rotation  and  to  allow  the  solar  equator  to 
place  itself  perpendicular  to  the  slit.  At  certain  times  of  the 
year  and  for  certain  orientations  of  the  slit  and  of  the  beam 
reflected  by  the  heliostat,  this  condition  of  perpendicularity 
occurs  twice  in  the  same  day  within  an  interval  of  a  few  hours, 
the   image  of  the  solar  equator  turning  through  i8o°. 

This  result,  which  I  discovered  experimentally  and  observed 
on  several  occasions,  greatly  surprised  me  at  first ;  I  had  sup- 
posed that  about  twelve  hours  would  be  required  for  the  reflected 
image  of  the  solar  disk  to  turn  i8o°  about  its  center.  The 
search  for  an  explanation  of  this  phenomenon  led  to  the  prepara- 
tion of  this  paper.  The  complete  discussion  would  require 
rather  extended  developments.  I  shall  confine  myself  here  to 
indicating  the  principle  of  the  demonstrations. 

The  explanation  is  based  upon  the  relative  velocity  of  the 
field  of  the  heliostat  when  the  observed  star  is  near  the  equator 
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(3=  90°).  The  cocflficicnt  A",  which  measures  it  as  a  function 
of  the  diurnal  rotation,  varies  between  2  and  5  for  positions  of 
tlie  Sun  between  the  two  solstices. 

The  acconijjanying  table  gives  the  values  of  A"  in  the  usual 
case  where  the  heliostat  is  oriented  in  the  meridian,  the  reflected 
beam  being  directed  horizontally  toward  the  north  ;  we  substitute 
in  the  formula  tw' =  o, /a' =  £  =  4^°  50'.  ^  increasing  by  steps 
of  10'    (upper  transits). 

j 

o    (pole) 

10  ... 

20       -  ■ 

30  -  - 

40      -         -         - 

50  -         -         - 

60      -         -         - 

66  38  (summer  solstice)    1.849 

The  value  of  K'  approaches  infinity,  which  it  attains  when 
the  star  is  at  the  southern  horizon;  this  is  in  fact  a  critical  polar 
distance  p'-\-h—Tr,  which  corresponds  to  grazing  incidence  at 
the  mirror. 

If  we  know  the  value  of  K'  we  can  calculate  the  time  which 
elapses  between  the  epochs  t^  and  4,  between  which  the  image 
of  the  field  has  turned  through  180".  Let  F/  be  the  value  of 
the  angle  Y'  at  the  epoch  /,,  when  the  solar  equator,  for  exam- 
ple, is  normal  to  the  slit  of  the  spectroscope,  and  Kj'  =  F/  +7r, 
the  value  of  F, '  increased  by  180"'  at  the  epoch  t^.  We  shall 
then  have  the  two  conditions 

tan  -  F, '  =  -  A"  tan  tt  /,  cot  -  Y^'  ^=  K'  tan  tt  t„ . 
2  2 

Multiplying  member  by  member  we  finally  obtain 


K 

«                                                     K 

1.000 

70      -           -           -            -       1.932 

1.083 

80            -            -           -            2.231 

1.174 

90  (equinox)     -         -     2.663 

1.277 

100          -         -         -          3.358 

'■396 

'13  37  (winter  solstice)   5.489 

1-537 

110          -         -          -          4-687 

1. 710 

120     -         -         -         -     8.359 

tan  TT  /j  tan  tt  4  =        ^^,^ 


I 


The  minus  sign  show^  that  the  two  epochs  /,  and  4  (sup- 
posed to  be  as  near  together  as  possible)  are  of  contrary  sign, 
which  signifies  that  the  two  corresponding  positions  of  the  star 
are  situated  on  opposite  sides  of  the  reference   plane  (in  this 
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case  the  j)laiie  of  the  meridian);  it  is  necessary  to  except  the 
limiting  cases  for  whiclW^o  and  t  —  \.  Let  Q —t^  —  t^hc  the 
difference  between  the  two  epochs;  if  /,  is  given  t^  may  be  cal- 
culated. It  is  esjjecially  interesting  to  find  the  two  ejjochs  for 
which  this  difference  is  a  minimum. 

Let  us  therefore  make  dd^^o,  that  is,  dt,  —  d t^o,  and 
let  us  differentiate  the  expression  which  connects  /,  and  4;  we 
obtain,  after  completing  the  operation, 

sin  TT  {L  -\-  /,)  cos  TT  (a  —  /,)=:  o  . 

This  is  the  solution  4  +  A  =  0  which  gives  the  desired  mini- 
mum; the  other,  t^  —  /,  =  I,  gives  the  i2-hour  maximum,  which 
is  of  no  interest. 

The  two  desired  epochs  symmetrical  with  respect  to/=o 
are  of  equal  length  and  contrary  sign  ;  substituting,  in  order  to 
obtain  their  absolute  values,  we  have 

I 
tan  TT  t  ^  -—7  ■ 
A 

If  we  give  K'  increasing  values  starting  from  K'  =  i  (uniform 
rotation),  which  gives  /=^  of  a  day,  or  6  hours,  and  t^  —  /i  r= 
12  hours,  we  find  that  the  interval  ^=4 — ^i  grows  smaller  and 
smaller.  Making  the  calculation  to  determine  this  difference  6 
for  the  three  most  interesting   epochs    relating   to   the  Sun  we 

obtain 

0 
Summer  solstice  .......     j^  54"' 

Equinox         --------  53° 

Winter  solstice  -         -         -         -  -         -         -     2    45 

results  which  demonstrate  the  possibility  of  seeing  the  solar 
equator  turn  through  180°  in  much  less  than  12  hours. 

It  is,  however,  unnecessary  that  the  rotation  should  be 
exactly  180°  in  order  to  show  successively  the  two  inverse  effects 
of  the  oscillating  lines,  for  the  absolute  velocity  of  the  solar 
parallels  diminishes  only  rV  "P  ^^  —  ^S''  heliocentric  latitude,  so 
that  a  displacement  of  180'' — 50°=  130°  is  sufficient  to  show 
the  double  phenomenon  in  the  clearest  manner. 
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It  remains  to  tlcterminc  the  orientations  of  the  reflected 
beam  which  are  most  favorable  for  observation  ;  but  this  problem 
is  rather  comjjlex  and  deserves  to  be  treated  separately. 

What  precedes  is  sufficient  to  show  that  even  in  those  pecul- 
iarities of  instruments  which  at  first  sight  appear  to  be  unfor- 
tunate imperfections,  j)ossibilities  exist  which  may  be  turned  to 
account  in  other  classes  of  work.  The  comjjlcte  study  of  the 
geometrical  properties  of  instruments  commonly  reveals  some 
peculiaritv  capable  of  rendering  unex[jected  services. 

Paris, 

January  1900. 


Minor  Contributions  and  Notes 


ON  THE  PROBABLE  ORIGIN  OK  SOME  OE  THE  LINES 
OBSERVED  IN  THE  SPECTRA  OE  STARS  AND  OK 
THE  CHROMOSPHERE. 

Sir  J.  N.  Lockyer,  in  his  "  Photographic  Spectra  of  Some  of  the 
Brighter  Stars"  {Phil.  Trans.,  184,  677,  1893),  gives  a  line  A  4172  ,as 
one  which  occurs  in  y  Cyg;iii,  in  Bellatrix  y  Oriotiis,  and  also  in 
a  Orionis.  In  the  spectrum  of  this  latter  star  {loc.  cit.,  Plate  28),  4172  is 
represented  as  being  an  iron  line  observed  in  the  flame  spectrum  of 
iron. 

The  oxhydrogen'  flame  spectrum  of  iron  has  been  photographed  as 
it  is  emitted  from  very  pure  metallic  iron  and  by  a  large  number  of 
compounds,  including  such  as  yield  metallic  iron  in  the  highest  degree 
of  purity,  and  with  various  degrees  of  dispersion,  inclusive  of  that 
obtained  with  a  Rowland  grating  of  21.5  feet  radius,  belonging  to  the 
Royal  University  of  Ireland,  but  in  no  instance  have  photographs  been 
obtained  showing  an  iron  line  at  or  sufficiently  near  to  A 41 72  to 
account  for  the  existence  of  a  line  to  which  this  wave-length  could  be 
attributed. 

As,  however,  the  flame  spectra  usually  observisd  in  the  working  of 
the  basic  Bessemer  process,  or  obtained  from  meteorites,  samples  of 
commercial  iron,  about  seventy  iron  ores  from  various  localities  and  of 
different  kinds,  and  from  various  rocks  and  minerals,  have  been  found 
to  show  the  gallium  line  with  a  wave-length  according  to  recent  meas- 
urements of  4172.214  (Hartley  and  Ramage),  it  appears  most  proba- 
ble, considering  the  volatility  of  the  metal,  that  the  line  observed  was 
that  of  gallium,  and  that  it  is  to  this  the  wave-length  4172  has  been 
assigned.  The  recognition  of  gallium  in  terrestrial  matter  and  in 
the  solar  spectrum  has  been  confirmed  by  Mr.  Lewis  E.  Jewell  (this 
Journal,  g,  229,  1899)  bv  an  examination  of  Professor  Rowland's  pho- 
tographs of  aluminium,  lead,  silver,  the  solar  spectrum,  and  the  spectra 

'Hartley,  "Flame  Spectra  at  High  Temperatures,"  Phil.  Trans.,  185,  161, 
1894  ;  this  Journal,  9,  214  and  221,  Hartley  and  Ramoge. 

16:! 
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of  meteorites,  and  the  wave-lengths  of  the  gallium  lines  have  been 
determined  to  be  4173.21  i  and  4033.224  Fe-Mn  (Rowland).  The 
ends  of  the  gallium  lines  on  the  photographs  of  the  solar  spectrum, 
taken  by  Mr.  Ramage  and  myself,  were  observed  to  be  quite  distinct 
from  these,  but  in  the  center,  where  the  lines  are  thicker  and  of  greater 
intensity,  this  fact  was  not  noticed,  though  a  shoiter  exposure  or  a  nar- 
rower slit  would  have  made  it  evident.  The  relative  intensities  of  the 
gallium  lines  were  the  same  on  all  the  photographs,  whether  taken  from 
the  oxhydrogen  (lame,  the  arc  (bright  and  reversed),  or  spark  spectra  ; 
and  they  are  fairly  represented  by  i  and  00  on  Rowland's  scale.  In 
the  spectrum  of  a  On'otiis  there  is  a  group  of  four  lines  attributed  to 
manganese,  lying  between  4030  and  4034.  There  is  a  manganese  line 
given  by  Rowland  as  occurring  in  the  solar  spectrum  at  wave-length 
4033.224,  attributed  both  to  iron  and  manganese  ;  the  second  or  weaker 
line  of  gallium  lies  at  4033.1  12.  The  latter  is  so  frequently  present  in 
iron  and  iron  ores,  along  with  the  stronger  and  less  refrangible  line, 
that  unless  its  absence  is  proved  its  presence  must  be  suspected,  liut 
the  fact  is  to  be  particularly  noted  that  in  cases  where  the  manganese 
was  strong  this  gallium  line  was  obscured  by  one  of  the  broader  lines 
of  manganese,  probably  that  indicated  above.  Finally,  attention  may 
be  drawn  to  the  fact  that  the  line  4172  has  been  recorded  as  occurring 
in  the  following  stars: 

a   Cy\^ni  Iiitciisitv  4,  where  the  maxinuim  is  6. 

/3  Orionis  \ 

/3   Tauri 
67   Ophiuchi 
8   Cygni 
7   Orionis 
/3   Canis  majoris 
y  Cygni 
a  Orionis 

It  appears  therefore  very  probable  that  in  a.  Orionis  the  line  4172 
and  one  of  those  lying  between  4030  and  4040  are  gallium  lines;  and 
that  the  less  refrangible  of  the  gallium  lines  also  occurs  in  the  other 
eight  stars  mentioned  above.  The  Phil.  Trans.,  187,  606,  1896,  con- 
tains an  account  of  the  comp.-n  j.son  of  the  spectrum  of  the  chromo- 
sphere with  the  Fraunhofer  lines  between  wave-length  410  and  430, 
being  a  preliminary  investigation  of  the  results  obtained  by  observa- 
tions of  the  total   eclipse  of  the  Sun   of  April   16,   1893.     Sir  J.   N. 


Intensity  i,  where  the  raaximum  is  6. 
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Lockver  there  gives  the  wave-lengtlis  of  the  two  lines  in  the  chromo- 
sphere and  prominences  as  4172.2  and  4033.22  (see  pp.  612  and 
613),  with  their  intensities  at  different  heights;  the  maximum  number 
representing  the  intensity  is  10: 

X4172.2 

Photographs  (7) 

Miles  1660 
Intensity  i 

X  4033.22 
Photographs     (7) 
Miles  1660 


Intensity  i 

Another  line  is  given,  A  417  1.9,  taken  from  the  African  photograph 
No.  20.  Its  intensity  in  the  chromosphere  arc  is  i,  at  the  base  of 
the  chromsphere,  3.  This  is  probably  identical  in  its  origin  with 
A  4172.2,  and  it  appears  in  the  highest  degree  probable  that  41  72.2  and 
4033.22  are  the  lines  of  gallium  corresponding  to  the  solar  lines 
4172. 211  and  4033.112  in  Rowland's  revised  table  of  wave-lengths  in 
this  region  (this  Journal,  p.  229,  1899). 

This  metal  being  very  easily  volatilized,  it  is  quite  conceivable  how 
its  vapor  mav  be  separated  from  that  of  iron  by  a  process  resembling 
fractional  distillation,  the  more  volatile  metal  being  carried  to  a  greater 
elevation. 

\V.    N.     H.ARTLEY. 
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MME.   CERASKI'S  SECOND  ALGOL  VARIABLE.' 

Another  remarkable  variable  star  of  the  Algol  class  has  been  dis- 
covered by  Mme.  Ceraski,  and  is  announced  in  the  A.  N.,  151,  223. 
The  position  for  1900  is  R.  A.  =  19''  42"'. 7,  Dec.  =  +  32°  28'.  From 
an  examination  of  the  Draper  Memorial  photographs  of  this  star,  it 
appears  that  while  the  star  has  its  full  brightness  on  45  of  them,  on 
several  of  the  early  photographs  it  is  so  faint  that  they  must  have  been 
taken  when  the  star  was  near  minimum.  The  Moscow  photographs 
furnish  the  means  of  determining  the  period  from  an  interval  of  four 
years,  the  Harvard  photographs  increase  this  interval  to  nine  years. 

'  Harvard  College  Observatory  Circular  No.  47. 
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Tlie  following  table  gives,  in  the  first  seven  lines,  the  results  derived 
froMi  the  Harvard  photographs;  the  next  four,  the  results  of  the  Mos- 
cow photographs;  and  the  last  line  gives  the  estimate  of  M.  Blajko. 
The  times  of  minima  as  found  by  Professor  Ceraski  may  be  expressed 
by  the  formula  /.  D.  2,415,004.971  +  6 ".0065  E.  Measures  of  four 
Harvard  photographs  when  the  star  had  its  full  brightness  gave  the 
photographic  magnitudes,  11.00,  10.80,  10.74,  and  10.79;  mean  10.83. 
The  value  of  E,  derived  from  the  above  formula;  the  year,  month, 
and  day;  the  Greenwich  mean  time  of  the  middle  of  the  exposure; 
the  corresponding  time  expressed  in  Julian  days  and  decimals;  and 
the  duration  of  the  exposure  in  minutes  are  given  in  the  first  five  col- 
umns of  the  table.  The  sixth  column  gives  the  photographic  magni- 
tude, and  the  seventh,  the  phase  computed  by  means  of  the  formula 
mentioned  above.  The  error  in  the  ephemeris  is  given  in  the  eighth 
column,  and  is  derived  from  an  approximate  light  curve.  It  appears 
that  the  period  is  too  long  by  about  o"\6,  and  if  this  correction  is 
applied,  the  errors  have  the  values  given  in  the  ninth  column.  The 
tenth  column  gives  the  mean  photographic  magnitude,  during  the 
entire  time  of  exposure,  derived  from  the  corrected  ephemeris  and 
light  curve. 


580 
570 
570 

557 
•508 

■443 
325 
257 
254 

-  97 
■  84 

-  o 


Date 


y  m  d 

1890  6  2 

1890  8  I 

1890  8  I 

1890  10  8 

1891  8  8 

1892  9  2 

1894  8  II 

1895  9  24 
1895  10  12 
1898  5  12 

1898  7  29 

1899  12  16 


G.  M.  T. 

h 

m 

16 

32 

14 

20 

14 

57 

II 

53 

16 

07 

14 

44 

15 

07 

10 

II 

6 

45 

10 

12 

10 

22 

3 

33 

J.D. 


Ex. 


1521.689 

1581.597 
1581.623 

1659.495 
1953-672 
2344.614 
3052.630 
3461.424 
3479.281 
4422.425 
4500.432 
5005.106 


27 
13 

20 

10 

20 

16 

10 

102 

300 

105 

125 

125 


Mag. 


II.81 

12.75 
12.22 

<I2.4 

<II.7 
10.96 
10.90 

<I2 

<I2 

<I2 

<I2 
Ft. 


Phase 


-f.488 
+•331 
+•357 
+.145 
+.003 
+•522 
-.228 
+.124 
-•039 
+.085 
-I-.008 
+.135 


0-C 


+.25 
+.24 
+.16 


+.18 
+.13 


O-Ci 


+.01 

+.02 
-.06 


.00 

-.01 


CM. 


II.7 
12.7 
12.5 
12.8 
12. 1 
II.O 
10.9 
12.9 
12.5 
12.9 
12.9 
12.5 


It  appears  from  this  table  that  while  the  formula  of  Professor 
Ceraski  satisfies  all  the  later  observations,  it  is  not  confirmed  by  the 
early  observations.  For  instance,  according  to  this  formula  the  star 
.should  have  had  nearly  its  full  brightness  on  the  first  three  photo- 
graphs. On  the  other  hand,  all  the  observations  are  satisfied  by  the 
corrected  formula,  in  which  the  period  is  6''  o""  8  "".8     As  soon  as  we 
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obtain  accurate  observations  of  subscniuent  niininia,  these  combined 
with  the  photographs  taken  in  1890,  will  give  a  much  more  precise 
formula.  A  comparison  of  the  sixth  and  tenth  columns  shows  that  the 
observed  and  computed  magnitudes  differ  in  one  case  only  by  more 
than  one  tenth.  A  slight  defect  partially  covers  the  image  of  the  vari- 
able on  the  second  plate  taken  August  i,  1890,  and  thus  renders  the 
measured  value  too  bright.  The  period  differs  so  little  from  exactly 
six  days  that  for  a  long  time  the  minima  cannot  be  observed  in  certain 
longitudes.  Accordingly,  while  valuable  observations  may  be  obtained 
next  autumn  in  Europe,  or  better  still  in  Asia,  minima  cannot  be 
observed  in  America  until  the  following  year. 

Five  stars  of  the  Algol  class,  S  Ca;uri,  U  Cep/iei,  W  Delphini, 
+  45°3°62,  and  the  star  here  discussed,  are  especially  interesting,  owing 
to  the  large  variation  in  their  light,  which  amounts  to  about  two  mag- 
nitudes in  each  case.  It  is  remarkable  that  two  of  these  were  found 
by  Mme.  Ceraski,  and  one  by  her  distinguished  husband. 

Edward  C.  Pickering. 

February  12,  1900. 


ON  THE  PROBABLE  ERROR  OF  A  RADIAL  VELOCITY- 
DETERMINATION. 

The  practice  of  following  the  radial  velocity  of  a  star  by  what  pur- 
ports to  be  its  probable  error,  computed  from  the  measures  of  only 
one  plate,  seems  to  me  to  be  incorrect;  and,  in  the  absence  of  special 
interpretation,  misleading.  Such  a  determination  of  probable  error 
is  based  on  only  a  small  part  of  the  observation.  It  assumes  that  the 
plate  is  perfect:  containing  no  injurious  effects  of  temperature  varia- 
tion, flexure,  jarring,  imperfect  adjustments,  etc.  Save  for  peculiari- 
ties in  the  distribution  of  the  silver  grains,  it  is  affected  by  little 
beyond  the  errors  in  the  assumed  intervals  between  the  lines,  and  by 
accidental  errors  in  the  micrometer  bisections  of  the  lines. 

A  meridian  circle  observer,  in  determining  the  right  ascension  of 
a  star,  notes  its  times  of  transit  over  a  number  of  lines  in  the  reticle. 
From  these  and  the  assumed  intervals  between  the  lines,  he  can  com- 
pute the  probable  error  of  the  mean  of  the  observed  times  of  transit. 
If  X  is  this  probable  error,  it  would  be  incorrect  to  say  that  the  observed 
right  ascension  of  the  star  is 

1 1''  12"'  13'.  14  ±^, 
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since  this  would  disrcL,Mrd  inany  important  factors  in  the  complete 
observation.  Yet  such  a  practice  would  be  fairly  analogous  to  that 
discussed  above  for  the  spectrograph. 

It  seems  to  me  that  the  probable  error  of  a  single  velocity-deter- 
mination should  be  derived  from  the  results  of  several  complete 
observations,  unless  it  has  been  shown  by  long  experience  that  the 
probable  error  yielded  by  the  measures  of  one  plate  is  in  fair  agree- 
ment with  the  value  obtained  from  a  comparison  of  the  results  from 
several  plates.  The  substantial  agreement  of  the  values  obtained  by 
the  two  methods  would  indicate  :  first,  that  the  plates  were  free  from 
the  accidental  effects  of  flexure,  temperature  changes,  etc.;  and  second, 
that  the  observer's  habit  of  measurement  remained  constant.  The 
first  of  these  desiderata  has,  I  believe,  been  practically  attained,  for  the 
best  stars,  with  the  Mills  spectrograph.  The  second  is,  from  its  nature, 
more  difficult  to  control,  and  necessitates  frequent  checks. 

W.  W.   Campbell. 

Lick  Observatory, 

January  15,  1900. 


CATHERINE  WOLFE  BRUCE. 

Astronomers  the  world  over  will  learn  with  deep  regret  of  the 
death  of  Miss  Catherine  Wolfe  Bruce,  news  of  which  reaches  us  just  as 
we  go  to  press.  For  years  confined  to  her  room  by  an  ever  increasing 
illness,  and  personally  known  by  but  few  of  the  many  who  have  bene- 
fited by  her  bounty.  Miss  Bruce  has  nevertheless  endeared  herself  to  men 
of  science  at  home  and  abroad,  aiding  as  perhaps  no  other  has  done 
the  progress  of  research.  Recognizing  no  national  boundaries,  giving 
assistance  where  it  was  most  needed,  and  seeking  no  fame  for  herself, 
Miss  Bruce  may  well  be  regarded  as  one  of  the  most  sympathetic  and 
generous  patrons  astronomy  has  ever  known.  Many  a  project,  which 
without  her  assistance  would  have  come  to  naught,  has  been  success- 
fully developed  through  her  aid.  Many  an  advance  in  our  knowledge 
of  the  heavens  is  due  directly  to  the  help  she  gave.  The  appeals  that 
came  to  her  from  far  and  wide  were  received  with  the  kindliest  con- 
sideration, both  by  herself  and  also  by  her  sister.  Miss  M.  W.  Bruce, 
who  often  acted  in  her  stead.  Astronomers  in  almost  every  country  of 
the  civilized  world  know  from  their  own  experience  how  prompt  was 
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the  response,  and  how  often  it  took  the  aflirinative  form.  In  coniinon 
with  many  others  who  have  received  less  direct  advantage  from  lier 
gifts  to  science,  they  will  sincerely  mourn  her  loss. 


ERRATA. 


Vol.  VIII,  p.  221,  in  the  formula, /<->/-  404.251  read  ^G^.2<^\. 

Vol.  X,  p.  189,  in  the  formula,  for  R„—R  read  R—R^. 

Vol.  X,  p.  277,  for  0.0043053  read  0.0043083  ; /<?r  4325.57  read 
4235.27.      In  formula  {i)  for  [A3]  rm</ [A.3  — A^]. 

Vol.  X,  p.  278, /(?r  4425.52  r<?«^  4442.52  ; /(?r  4425.36  ;rrt;^/ 4442.36. 

Vol.  X,  p.  350.  The  entire  passage  in  Professor  Hasselberg's 
article,  beginning  "It  appears,  first,  that  numerous  exact  coinci- 
dences" etc.,  on  p.  350,  and  ending  ".  .  .  .  this  is  also  indej)endent 
of  the  titanium  line,"  on  p.  351,  should  immediately  follow  the  table 
ending  at  the  bottom  of  p.  357. 


Reviews 

l'R()Fi:SSOR  J.  J.  rilUMSON'S  WORK  ON    illl':  STRUCTURE 

OF  THK  ATOM. 

1.  The  Dischart^e  of  Electricity  Through  Gases.  Princeton  Lectures. 
J.  J.  Thomson.     (Scribner's,  1898.) 

2.  Cathode  Rays.     J.  J.  Thomson.     PhiL  Mag.,  44,  293-316,  1897. 

3.  On  the  Charge  of  Electricity  carried  by  the  Ions  produced  by  Rinitgen 
Rays.     J.J.  Thomso.v.     Phil.  Mag.,  46,  528-545.  1898. 

4.  On  the  Masses  of  the  Ions  in  Gases  at  Low  Pressures.  J.  J.  Thomson. 
Phil.  Mag.,  48,  547-567.  «899- 

Those  who  listened  to  the  lectures  of  Professor  J.  J.  Thomson  at 
Princeton  in  the  autumn  of  1896  will  recall  the  surprise  —  not  to  say 
astonishment  —with  which  was  received  his  clearly  stated  experimental 
evidence  for  thinking  that  the  carriers  of  electrification,  through  gases 
at  ordinary  pressures,  are  aggregations  of  atoms,  large  compared  with 
a  molecule  of  the  gas,  so  large,  indeed,  that  they  can  be  filtered  out 
with  glass  wool. 

In  striking  contrast  with  this  stands  the  principal  result  of  his 
investigations  during  the  three  years  that  have  elapsed  since  the 
Princeton  Sesqui-centennial,  viz.,  that  in  gaseous  discharges  at  low 
pressures  the  negative  electrification  is  carried  by  particles  of  matter — 
"corpuscles"  he  calls  them  —  whose  mass  is  of  the  order  of  one 
thousandth  of  the  mass  of  a  hydrogen  atom. 

Not  for  many  years  —  perhaps  never — has  anyone  doubted  the 
divisibility  of  the  chemical  atom ;  but  the  experimental  evidence 
offered  by  Thomson  is  so  convincing  as  compared  with  the  arguments 
of  Prout,  or  as  compared  with  any  a  priori  considerations,  that  his 
work  becomes  of  the  highest  interest  to  all  students  of  physical  science, 
especially  those  of  chemistry  and  spectroscopy. 

The  general  method  of  attack,  which  may  be  roughly  described  as 

a  quantitative  study  of  the  charged  ion,   is   outlined   in   his   paper   on 

7n 
"  Cathode  Rays."     The  ratio      ,  where  m  is  the  mass  and  e  the  charge 

of  an  ion,  is  a  well-established  electrolytic  constant,  an   invariant  for 

170 
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any  one  conducting  solution.  Indeed,  the  constancy  of  this  ratio  may 
be  considered  as  a  mathematical  expression  for  one  of  Faraday's  Laws 
of  Electrolysis.     For  hydrogen  this  ratio  has  the  value 

m 

—  =  0.0001035  =^  ^°  *  approximately  . 

But  within  the  last  few  years  this  ratio  has  been  determined  for  con- 
ducting, or  "  ionized,"  gases.  For  this  determination  Professor  Thom- 
son has  employed  three  independent  methods,  to  which  may  be  added 
a  fourth,  due  to  Lorentz.     These  are  briefly  and  roughly  as  follows: 

1.  The  deflection  of  cathode  rays  by  means  of  a  magnetic  field. 

Here  -  =  — ^ 
e         2W 

r  /  is  the  intensity  of  a  magnetic  field  multiplied  by  a  radius 
of  curvature, 
(^  is  a  quantity  of  electrification  measured   by  an  electrom- 
eter, and 
W  is  a  quantity  of  heat  energy  measured  by  aid  of  a  ther- 
(^  mopile,  balances,  etc. 

2.  The  deflection  of   cathode   rays    by  means  of    an  electrostatic 


where    \ 


field. 


Here  — 
e 


HU 


where    ■{ 


H  denotes  the  strength  of  a  magnetic  field, 
F,  the  intensity  of  the  electrostatic  field, 
/,  a  measurable  distance,  and 
i^  Q,  the  deflection  produced  by  the  field  F. 

3.  The  effect  of  a  magnetic  field  in  diminishing  the  gaseous  con- 
duction between  electrodes  separated  by  more  than  a  certain  critical 
distance,  an  effect  discovered  by  Elster  and  Geitel. 

m       H^d^ 
Here  —  = — 

e  2  V 

^  H  \%  the  intensity  of  a  magnetic  field, 
where    -\    d,  the  critical  distance,  determined  by  experiment,  and 
l^    V,  the  potential  difference  between  the  electrodes. 

4.  H.  A.  Lorentz  has  shown  {Phil.  Mag.,  43,  226,  1897)  that  from 
the  Zeeman  effect  we  have 

e  47r  F 
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H  is  the  intensity  of  the  magnetic  field  producing  the  Zee- 
man  effect, 
where    -|    X,  —  X,  the  change  in  wave-length  produced  on  any  ray  by 
the  uiagnetic  field,  and 
/',  the  speed  of  light. 
Very  striking  is  the  general   agreement  among  the  various  values 

of    -    obtained    by    these   diverse    methods.     Whether    employed    by 
t' 

Lenard  {Wied.  Ann.,  64,  279,  1898),  and  Kaufmann  {Wied.  Ann., 
61,  544,  1S97  ;  65,432,  1898)  on  the  continent,  or  used  with  many 
variations  by  Thomson  at  Cambridge,  or  made  to  depend  upon  the 
Zeeraan  effect,  all  these  methods  lead  to  a  value  approximately 
i.o  X  Io-^  While  the  values  of  this  ratio  vary,  roughly  speaking,  to  the 
extent  of  25  per  cent,  on  either  side  the  mean,  and  while  these  differ- 
ences will  doubtless  lead  to  future  investigation  and  to  new  and  inter- 
esting results,  we  may,  for  the  present,  say  that  they  are  in  practical 
agreement.     And  what  is  quite  as  remarkable  is  the  fact  that  the  value 

of  —  appears  to  be  entirely  independent  of  the  gas  employed,  a  result 

in  marked  contrast  to  that  obtained  in  the  case  of  liquid   electrolytes, 

where  —  varies  from  one  element    to  another  directly  as  the  atomic 
c 

weight  and  inversely  as  the  valency. 

Observing  that  in  the  case  of  liquids,  this  ratio  is  nearly  one  thou- 
sand times  larger  than  in  the  case  of  gases  at  low  pressures,  Thomson 
at  once  set  himself  the  problem  of  determining  whether  this  discrep- 
ancy arises  from  the  fact  that  the  7nass  of  the  liquid  ion  is  greaier  than 
that  of  the  gaseous  ion,  or  from  the  fact  that  the  charge  of  the  liquid 
ion  IS  smaller  than  that  of  the  gaseous  ion,  or  from  both  facts.  As  the 
sequel  shows  the  first  of  these  alternatives  is  confirmed  by  experiment. 
For  Thomson  succeeded  in  measuring  in  C.  G.  S.  units  the  charge  of 
electricity  carried  by  a  negative  ion  in  gas  ionized  by  Rontgen  rays 
(Phil.  Mag.,  December  1898). 

The  highly  original  method  and  carefully  executed  experiments 
which  led  him  to  his  final  results,  namely, 

^:=  7.3  X  io~'°  electrostatic  units 

must  be  followed  in  the  author's  own  paper. 
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For  space  will  here  permit  us  merely  to  say  that,  hy  using  the  neg- 
ative ions  as  centers  of  condensation  for  water  vapor,  he  determined 
the  number  of  ions  in  a  cubic  centimeter  of  the  gas,  and  then  measur- 
ing what  practically  amounts  to  the  total  charge  of  a  cubic  centimeter 
of  the  gas,  he  at  once  obtains  the  value  of  e  by  division.  But  let  no 
one  imagine  that  these  processes,  so  scantily  described,  are  simple  ; 
on  the  contrary,  they  require  mani|)ulative  skill  of  a  high  order,  and 
depend  upon  important  results  previously  obtained  by  Rutherford, 
Wilson,  and  others. 

Knowing  e  and  —  for  a  gas,  we  have  at  once  the  value  of  vi  for  that 
e  '^ 

gas.  But  we  have,  as  yet,  no  means  of  getting  ///  for  a  liquid  electro- 
lyte. The  one  step  necessary  was  supplied  by  Townsend  {Proc.  Roy. 
Soc,  65,  192,  1899),  who  showed,  by  a  study  of  the  diffusion  of  ions  into 
gases,  that  the  charge  on  an  ion  produced  by  Rontgen  rays  is  the  same 
as  that  carried  by  the  hydrogen  atom  in  ordinary  liquid  electrolysis. 
Since  the  ^'s  are  the  same  in  each  case,  it  follows  that  the  divergence 

m 
in  the  values  of  —  between  hydrogen  gas  and  hydrogen  in  a  liquid 

electrolyte,  say  H.^SO^,  is  due  to  the  fact  that  the  mass  of  the  gaseous 
ion  is  about  one  thousand  times  smaller  than  the  mass  of  the  hydrogen 
atom. 

The  demise  of  the  atom  has  been  long  expected  ;  only  the  hypo- 
thetical atom  has  been  regarded  as  indivisible.  But  it  is  doubtful 
whether  many  outside  the  Cavendish  laboratory  expected  the  division 
to  come  in  this  way.  The  outlook  along  spectroscopic  lines  appeared 
more  hopeful,  especially  in  the  direction  of  Michelson's  powerful  sepa- 
ration of  so-called  homogeneous  radiations.  The  Echelon  spectroscope 
and  analysis  make  a  powerful  combination  and  one  which  probably  has 
much  to  tell  us  concerning  that  complicated  dynamical  system  which 
gives  us  the  series  of  Kayser  and  Runge  and  which  has  so  long  been 
miscalled  an  "atom." 

Since  the  mass  of  Thomson's  "  corpuscle  "  appears  to  be  the  same  for 
all  gases,  it  would  seem  that  we  are  here  confronted  by  a  veritable  TJrstoff. 
But  the  most  disappointing  feature  about  it  all  is  that  these  corpuscles 
cannot  be  collected  in  quantities  large  enough  for  one  to  study  their 
chemical  properties.  Nevertheless,  the  work  under  review  is  full  of 
suggestion  for  the  chemist.  For  instance,  the  fact  that  practically  all 
lines  in  the  spectrum  of  an  element  exhibit  the  Zeeman  effect  leads  to 
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the  inference  that  in  each  atom  there  are  mafiv  of  these  corpuscles. 
While,  from  the  manner  in  which  Lenard  rays  are  absorbed,  it  is 
evident  that  the  mean  free  path  of  these  ions  depends  only  upon  the 
density  of  the  medium,  and  not  at  all  upon  its  chemical  composition. 
In  facts  such  as  these  Thomson  finds  his  warrant  for  saying  that 
"atoms  of  ordinary  elements  are  made  up  of  corpuscles  and  holes,  the 
holes  being  predominant"  {Prince/on  Lectures,  p.  198). 

Among  all  chemical  problems,  it  would  not  be  easy  to  find  one 
which  is  more  fundamental,  more  profoundly  interesting,  or  more 
hopelessly  diflicult,  than  the  dynamical  explanation  of  the  periodic  law. 
Unusual  interest,  therefore,  attaches  to  the  slight  hint  which  Thom- 
son has  given  as  to  a  possible  manner  in  which  atoms  may  be  built  up 
out  of  corpuscles  so  as  to  satisfy  the  demands  of  Mendelejeff's  table. 
Brieflv,  the  arrangement  of  the  corpuscles  in  the  atom  is  that  of  Mayer's 
groups  of  magnets  floating  in  a  magnetic  field.  If,  in  addition,  we 
imagine  that  certain  chemical  properties  are  functions  of  the  number 
of  magnets  (corpuscles)  in  the  center  of  the  group,  we  have  a  system 
for  which  these  chemical  properties,  at  least,  are  periodic  func- 
tions ot  the  atomic  weight.  Such  an  atom,  it  is  pointed  out,  is  not 
inconsistent  with  what  we  know  of  spectral  series;  it  furnishes  a  possi- 
ble mode  of  conceiving  electric  conduction  in  gases,  it  offers  a  most 
plausible  explanation  of  the  law  of  absorption  for  Lenard  rays,  and, 
finally,  it  brings  comfort  to  those  who  still  regret  that  Front's  hypothe- 
sis—  in  its  original  form  —  is  untenable. 

Your  reviewer's  conscience  is  not  quite  at  rest  until  he  has  warned 
any  chance  reader  not  to  infer  from  the  above  that  the  director  of  the 
Cavendish  laboratory  has,  for  a  moment,  forgotten  to  draw  a  sharp 
line  between  the  results  of  experiment  and  the  results  of  imagination 
—  even  of  the  "scientific  imagination."  Any  such  impression  is  the 
fault  of  the  reviewer,  and  should  be  removed  at  once  by  a  careful  read 
ing  of  the  original.  For,  doubtless,  no  one  has  sought  so  ably  as 
Professor  Thomson,  or  would  welcome  mere  warmly  than  he,  any 
explanation  of  these  phenomena  involving  an  assumption  less  violent 
than  that  of  a  corpuscle  with  a  mass  one  thousand  times  smaller  than 
that  of  the  hydrogen  atom. 

Henry  Crew. 
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CALCULATION  OF  ELLIPTIC  ELEMENTS  OF  THE 
SYSTEM  OF   F  CYGNI. 

By  N.  C.  DUNER. 

In  spite  of  the  very  bad  weather  that  prevailed  almost  con- 
tinuously in  the  autumn  months,  Dr.  Bergstrand  and  I  succeeded 
in  observing  the  following  minima  of  Y  Cygni  in  the  year  1898  : 


Epoch 

G.  M.  T. 

Observer 

d      h         m 

2774 

1898 

April  26   12     5.9 

D. 

inb 

April  29   II   39 

4 

D. 

2854 

Aug.   24     8  31 

6 

D. 

2861 

Sept.    3   13  30 

4 

D. 

2895 

Oct.    24   12  23 

6 

B. 

2902 

Nov.     4     5  44 

5 

D. 

2902 

Nov.     465 

7 

B. 

2906 

Nov.    10     6     I 

7 

B. 

2907 

Nov.    II    II   56 

7 

B. 

On  comparing  these  observations  with  the  ephemeris  which 
I  communicated  in  the  ViertcljaJirscJirift  dcr  Astroiiomischen  Gcscll- 
schaft  for  1897,  I  found  the  following  differences  between  obser- 
vation and  prediction  : 
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EVEN    EPOCHS 
Epoch 


HS 

0- 

-C 

h 

1 

— 0 

53 

I 

—  I 

14 

3 

— 0 

54 

8 

—  I 

21 

2 

—  I 

4:: 

3 

—  I 

•5 

7 

—  I 

•3 

6 

ODD    EPOCHS 


Epoch 

2861 

2895 
2907 

Mean  2887 


C-O 

h  m 

+  1  0.2 

+  I  22.6 

+  1  26.4 

-f-l     16.4 


2774 
2776 
2854 
2Q02 
2902 
2906 

Mean   2852 

From  these  the  following  two  normal  minima  were  derived  : 
Epoch  =  2852;  minimum  =  1886.0  +  46i6''.349  ;  O — C= — o'*.o52 
Epoch  =  2887;    minimum  =  1886.0  +  4668''.529  ;     O — C= +o''.o53 

The  considerable  deviations  of  the  earlier  formulae,  which 
are  negative  for  the  even  normal  minimum  and  positive  for  the 
odd  minimum,  and  are  numerically  almost  precisely  equal,  show 
that  the  observations  can  no  longer  be  satisfied  by  formulae 
which  include  only  the  first  power  of  the  epoch  number.  I  have 
therefore  derived  the  following  formulae  by  the  method  of  least 
squares  : 

Even  minima  =  1886.0  +  343''.467o  +  i''.498276^  1 

—  o^'.ooo  000  0255  ^' 

Odd  minima  —  1886.0  +  343^4131  +  1*^.498076  E 

^o'^.ooo  000  o  1 90  ^' 

The  coefficients  of  E^  in  the  two  formulae  have  therefore 
almost  the  same  numerical  value  but  opposite  signs,  as  was  to 
be  expected. 

In  my  earlier  essays  on  this  star'  I  have  expressed  the 
opinion,  now  probably  generally  adopted,  that  the  system  of  Y 
Cygni  consists  of  two  equally  large  and  bright  components 
whose  mutual  occultations  produce  the  light  variation  of  the 
stars.  At  the  same  time  I  have,  however,  also  asserted  that  the 
line  of  apsides  of  the  orbits  of  the  two  stars  turns  in  the  plane 
of  the  orbit  in  such  a  way  that  the  angle  between  these  two  lines 
has  constantly  been  increasing  since  the  discovery  of  the  varia- 
bility of  the  star  by  Chandler  in  1886,  when  the  line  of  apsides 

'  For  instance,  Sur  les  elements  de  Fetoile  variable  Y  Cygni,  Stockholm,  1892. 
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nearly  coincided  with  the  line  of  sight.  The  last  terms  in  the 
ecjuations  (i)  prove  that  this  angle  was  in  1886  a  straight  line 
and  now  exceeds  90°,  so  that  the  line  of  apsides  now  ajjproaches 
the  line  of  sight.  Since  the  last  term  should  evidently  have  one 
and  the  same  coefficient  in  the  two  formulae  (i),  I  have  taken 
the  mean  of  them,  adopting  therefore  for  these  terms  the  values 
—0*^.000  000  022  /{'  and  +o''.ooo  000  022  £\  After  introducing 
these  values  in  the  equations  of  condition  I  again  solved  and 
thus  obtained  : 


Even  niininui        1886.0  +  343^4686  +  1*^4982677^ 

—  0.000  000  022  ^" 

Odd  minima:^  1886.0  +  343".4i75  +  i'*.498o68iE" 

-|- o''.ooo  000  022  ^* 


(2) 


Direct  comparison  with  the  normal  minima  results  as  follows  : 


EVEN 

MINI. MA 

ODD 

.MINIMA 

Epoch 

0— C 

Epoch 

o-c 

12 

— o''.oo8 

191 

— 0''.0I3 

418 

+  0  .014 

705 

+  0  .014 

II84 

• — 0  .021 

II87 

+  0  .007 

1640 

+  0  .oig 

'311 

+  0  .007 

2208 

— 0  .006 

'913 

— 0  .010 

2858 

+  0  .003 

2371 

— 0  .012 

2887 

-f-0  .006 

The  agreement  between  the  formulae  and  the  normal  minima 
is  therefore  as  good  as  could  be  asked  for.  Nevertheless  it  is 
clearly  possible  that  this  year's  minima  will  no  longer  agree  well, 
for  formulae  are  not  the  natural  expression  of  these  phenomena 
and  the  more  terms  of  higher  order  that  we  employ,  so  much  the 
sooner  will  terms  of  a  yet  higher  order  be  necessary,  until  finallv 
the  formulae  are  wholly  insufficient  for  furnishing  even  a  rough 
a])proximation. 

I  prefer,  therefore,  to  adopt  now  the  only  rational  method 
and  to  calculate  the  actual  orbital  elements.  It  is  ob\  ious  at 
the  beginning  that  a  perturbation  term,  namely  the  revolution  of 
the  line  of  apsides  in  the  plane  of  the  orbit,  must  be  taken  into 
account  in  the  computation.     On   the  other  hand  it  is  equally 
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obvious  that  the  l()n*,Mtude  of  the  node  and  the  inclination  of  the 
orbit  plane  to  the  line  of  sight  disappear  :  the  latter  must  be 
reL,^arded  as  zero,  and  the  former  has  no  effect  on  the  light  varia- 
tion of  the  star  and  can  therefore  never  be  determined. 

In  order  to  find  a  method  of  determining  the  orbit  I  shall 
show  first  how  the  ej)Ochs  of  minima  can  be  computed  when  the 
orbital  elements  are  known.  It  has  already  been  stated  that  the 
line  of  apsides  coincided  with  the  line  of  sight  a  short  time 
before  the  first  observed  minimum.  Whether  the  even  or  the 
odd  minima  then  occurred  near  the  perihelion  passage,  it  is  quite 
impossible  to  decide,  and  for  the  present  research  is  not  of  over 
much  importance.  We  shall  assume,  however,  that  in  1886  the 
even  minima  occurred  near  perihelion,  since  according  to 
Chandler's  observations  in  1886  and  1887  there  is  some  prob- 
abilitv  that  the  occupations  were  of  longer  duration  in  1887 
than  in  1886. 

Let  2  be  the  sidereal   period  of  the  star  and  /a  be  its  mean 

daily  sidereal   motion,  while  U  denotes  the  anomalistic   period, 

and  71  the  mean  daily  anomalistic  motion.      Further,  let  A  be  the 

number   of    tropical    years    in  which   the    line   of    apsides    turns 

^,         365.24222    ^        ,    365.24222 
through    360'.     Then  = A  and    jj A  are    respec- 

tivelv  the  number  of  sidereal  and  anomalistic  revolutions  which 
will  occur  in  A  years.  The  former  number  is  evidently  greater 
by  one  unit  than  the  latter,  and  consequently 

A  A  A -^       A 


-^ —  I  ==  w  .    or 


whence 

U^-^i^.  (3) 

This  equation  gives  us  U  when  S  and  A  are  known.  Further, 
let  2&)  be  the  angle  which  the  line  of  apsides  turns  in  the  same 
direction  as  the  stars  during  one  sidereal  revolution,  4  be  the 
time  when  the  line  of  apsides  coincided  with  the  line  of  sight,  e 
the  eccentricity  of  the  orbit,  ^  the  angle  of  eccentricity,  and  let 
M,  E,  V,  r,  and  a  have   the  ordinary  significance,  as  in   Gauss' 
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Theoria  Motus,  or  in   0|)i)olzcr's  Lchrbuch  zur  Bahnbcstirnmung  der 
Kometen  und  Planetcn. 

At  the  time  /^,  v  —  Q>  \  but  at  a  niiniinuni  occurring  at  the 
time  /,  the  angle  between  the  line  of  apsides  and  the  line  of  sight 

was  e(|ual  to  — -—■  ■   2w  ,  and  the  true  anomaly  at  that  time  was 

t  —  io 
equal  to ^ •    2u)  =  —  2ma  .      Hut  we  have 

/-=  </^COS^</)  .  COS^ffi 

dM= dv  = --^ dv  =^  ; — ; dz>  . 

a'cos<i>  a'cos  <f>{i -\- ecosv)'  (i+^cosz') 

In  order  to  determine  M  from  this,  the  equation  must  be 
integrated  between  the  limits  O  and  —  imo),  or,  what  is  the  same 
thing,  between  2m(o  and  o.     Consequently 

■  =:  cos^  <^  /     , — ■ -,  .  (4) 

J      (i  +  <'cosr')='  ^^ 

But  we  have  "'""' 

/dx  _  /?sin:r  \     T    ^  ~^  C  co%  x 

(^a -\- />cosx)"  ~  {a -\- dcosx)"-^      J  {a -\- d cos x)"  —  ^ 

where 

n  —  2  b 


M- 


,      B=  ^     ,      Cr= 


II  —  \       b^  —  a^  a'  —  b'  n  —  i       b^  —  a" 

whence 

/dv  e  s\r\  V  I         r        dv 

( I  -f-  ^'  cos  7>Y       e'  —  I  I  -I-  <?  cos  V  I  —  e^  J  i  -|-  e  cos  v 

We  have,  further,  (for  h  <  a)  , 

ydx              2  r      '  o      I  ~l 

■ =: ■   arc  tan       tan     p  tan  -  .v      , 
a  -\-  b  cos  X       a  sm  p  L        2  2    J 

where 

b  =  a  cos  /3  ,  or  cos  )8  =^  -    ; 

a 

therefore. 


(5) 


f      dv              2  r  /i_^      ,1 

/ =     /              •  arc  tan  I  -\  — ; —  tan  -  ?'      , 

y    I  4-  ^  cos  z'       ]    1  —  e''  L  \  i  +  ^        2    J 

and   by   introducing  the   values   from  (5)    and  (6)  in  (4),  th( 
results 

r     dv  r  W^e^    I  1 

cos^  <i>  /  =  2  arc  tan     -v  — \ —  tan  -  v  I 

^ J  {^i -Y  e  co%  vf  L  \  I  +  ^         2    J 


(6) 


sin  V 

-e\    1  —  e'  ■   — , 

I  +  ^  cos  7) 
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Un  introducing  the  limits  we  finally  obtain 

M  —  —  2  arc  tan     tan  (45"  —  -  <^)  tan  ww 

sin  2Wa> 

4-  sin  <^  cos  <^  — ; .  (7) 

I  -\-  e  cos  2»?a> 

It  has  been  assumed  in  the  above  that  v  -  0  at  the  time  /o-  This 
means  that  at  that  time  a  minimum  should  also  occur.  In  view 
of  the  smallness  of  tu  we  may  so  assume  t^  that  this  time  does 
coincide  with  a  minimum.  Since  (u  <  0.04,  no  error  in  excess 
of  C'.ooi  can  be  thereby  introduced  in  the  calculated  minima, 
as  will  be  shown  later.  This  accuracy  is  consequently  more  than 
sufficient  for  the  first  computation  of  the  elements. 

Now   in   equation  (7)  M  bv  no  means  designates   the  actual 
total  change  of  the  mean  anomaly  occurring  in  the  interval  /■— 4, 

but  on  the  contrary  it  is  as  much  less  than      ^  ° .  360°=  w.  360° 

as  the  mean  anomaly  of  the  star  has  increased.  If  J/^  is  the 
actual  total  increase  of  the  mean  anomaly,  then 

Mt^^  m  .  360^ —  2  arc  tan  [tan  (45° — ^  ^)  tan  ww] 

sin=  2  WO) 

+  sin  d>  cos  <i)  •    — ; . 

I  -|-  e  cos  2  WW 

But 

Mt=n  (/  — /o)  , 
wlience 

//  (/  — 1„)  =  m  .  360°  —  2  arc  tan  [tan  (45"^ <^)  tan  woj] 

-\-  sin  <^  cos  </) 


i-|-  e  cos  2t}tui 

or, 

2  I 

/—  /o+  mU arc  tan  [tan  (45'' </>)  tan  ww] 

//  2 

sin  <i>  cos  <^  sin  2mw 

n  i  +  <?  cos  2WCU 

Here  m  is  one  half  the  number  of  the  epoch  reckoned  from 
/„.  It  will  be  more  convenient  to  introduce  in  place  of  this  the 
numbers  of  the  epochs  hitherto  employed.  Therefore  let  ^E^ 
be  the   number  of  the  epoch  corresponding  to  4.  and  E  be  the 
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epoch  for  which  the  computation  is  to  be  made.     Then  we  have 

/=4-|-(A'4-^„) ?  arc  tan  ftan  (45°  —  -  <^)  tan(is  +  i5"J - 

2        «  '  2  2 

sin  <^  cos  0         sin  (-£"4- ^o)  <"  /«> 

//sin  1°      '   \-^  eco%{E-\-E^iji 

This   equation   holds   good    for  the  even   minima.      We  may 

proceed    in  a  similar  way  for  the  odd   minima.      Let   /,    be    the 

time   at  which   the   minimum  occurs.     Then  at  the  time  /,   the 

angle    between    the    line    of    apsides    and    the    line    of    sight    is 

A  —  ^o  ,    ,  ,     • 

^      .   20J ,  and  the  true  anomaly  is 

V  ^  \f>0 —-2.2(0  =  77 2;«,W     . 

In  order  to  find  M  from  this  we   have  to  integrate  the  following 
equation  : 


M=  cos'  <\>  I .  (9) 

/    ( I  +  (f  cos  vY 

Since,  however,  as  before, 

r       dv  r       /    o      J  ,\        I   1 

cos'  ^  /t — ; =  2  arc  tan    tan  (45 <^)  tan  -  v 

y  {i-\-e  cos  vf  \  2  2    J 

sin  V 

—  sin  <i>  cos  ^  — , , 

( I  +  (f  cos  vy 

we  only  have  to  introduce  the  new  limits,  and  obtain 

M=^  2  arc  tan    tan  (45° <^)  cot  ///.w 

sin  2w,a>  ,     , 

—  sin  <f)  cos  <f> .  (10) 

I  —  e  cos  2w,w 

The  M  in  this  equation  now  indicates  how  much  more  than  a 
certain  multiple  of  360°  the  mean  anomaly  has  increased  since 
the  passage  of  perihelion  which  occurred  at  the  time  /  .  Since 
i^is  less  than  360°,  we  therefore  have  to  set 

E^±_Eo 
2 

sin  2w,<o 


E  -\-  E                                  r                    I  1 

u  (/,  —  4)  =  — ■    360°  4-  2  arc  tan  |  tan  (45'' <^)  cot  w.w  J 

sin  4>  cos  <j> 


I  —  e  cos  2m,<ii 
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or.   if  we   introduce   the   number  of    the  ej)och,   here  e,  =  e -f  i, 

as  before, 

/.  =  /„  -f  (^.  +  ^„  -  i)  -  +  ^  arc  tan  I  tan  (45    -  -4>)  cot  {E,  +  E,)  ^  J 

sin  <^  cos  <^  sin  (E,  +  jgp)  o) 

~  «  sin  1°  '  I  —  ^  cos(^,  + -5o)o  ■ 
After  the  formulae  for  the  prediction  of  the  minima  from  the 
elements  have  been  developed  in  this  way,  we  must  now  show 
how  the  elements  t^,  <w,  n,  and  e  may  be  computed.  I  start  here 
from  formula  (2),  which  represents  the  observations  very  well 
indeed.  We  must  note  here  that  E  cannot  denote  in  both 
formulae  one  and  the  same  number.  In  order  that  this  may  be 
the  case  for  any  selected  epoch,  we  may  transcribe  the  first 
formula  (2)  in  the  following  way: 

Even  minima  =  1886.0  +  343^4686  +  i''.498267  {E  =p  i) 
—  o''.ooo  000  022  (^E'  ^^  2E-\-  i)  , 
or  even  minima  =  1886.0  -f-  343''.4686  q=  i''-4983  +  [1-498267  h= 
0.000  000  044]  E  —  0.000  000  022  E^  . 
Consequently  we  have  for  the  two  even  minima  which  immedi- 
ately precede  or  follow  the  odd  minimum  whose  epoch  =  .£ : 
Even  minimum  (Epoch  =  ^  —  i)  =  1886.0  -|-  341''. 9703 

-|-  i''.498267  E  —  o''.ooo  000  022  E""  .  (12) 

Even  minimum  (Epoch  =  j5  +  i )  =  1886.0  +  344''. 9669 

-)-  i''. 498267  .£  —  0^^.000000022^''.  (13) 

Odd  minimum  (Epoch  =  ^)^i886.o4-  343'^-4i75 

-f-  i'^. 498068  E  -|-  o''.ooo  000  022  E""  .  (14) 

Now  let  Z'l  be  the  difference  between  the  following  even  and 
the  preceding  odd  minimum,  or  consequently  the  difference  of 
equations  (13)  and  (14),  T^  on  the  other  hand  be  the  difference 
between  the  following  and  the  jjreceding  even  minimum,  conse- 
quentlv  (14)  minus  ( 12) ,  and  we  obtain  : 

7,  ;=  i''.5494  +  o^^.ooo  199  .£ — o^^.ooo  000  044  £*) 
7^2=  I''. 447 2—  o''.ooo  199  E  -\-  0.000  000  044  E' ) 

If  we  place 

0=T,-T^  (16) 

we  get 

6  =  o''.io22  +  ©"".ooo  398  E  —  o''.ooo  000  088  E'  .  (17) 
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In  order  to  find  vvlicn  the  line  ot  apsides  was  jjerpcndicular  to 
the  line  of  sight,  we  must  now  determine  the  value  of  E  for 
which  ^  is  a  maximum.  Consequently,  we  differentiate  e(|ua- 
tion   (17) 

^-=;  =  O'  .000  ^08  —  O   .000  000  lib  E  . 

dr. 
If  we  now  place  the  differential  cjuotient  ecjual  to  zero  we  get 

E-^-  2261  .  (18) 

Introducing  this  in  equation  (17),  we  obtain  the  maximum  value 

6  max    -  o''.5522  .  ( 19) 

In  order  to  determine  the  ej)och  when  the  line  of  apsides  coin- 
cided with  the  line  of  sight,  we  must  jilace  6  ecjual  to  zero  in 
equation  (17).      Thus  we  obtain 

^0==  -  244  ,  (20) 

with  a  residual  error  of  —  o''.OOOi.  The  line  of  apsides  conse- 
quently turns  through  90°  during  2505  epochs,  or,  what  is  the 
same  thing,  through  360°  during  5010  sidereal  revolutions.  In 
order  to  determine  from  this  the  length  of  the  sidereal  revolu- 
tion we  can  employ  formula  (2),  since  in  the  neighborhood  of 
the  time  when  the  line  of  apsides  is  perpendicular  to  the  line  of 
sight  the  intervals  between  two  consecutive  even  or  odd  minima 
are  equal  among  themselves,  and  equal  to  the  sidereal  period. 
The  calculation  gives  us : 


Even  minima 

E  =  2260  Min.  =  3385''. 971053 

E  -  2262  Min.  =  3388^'.967388 

2=         2^.996335 


Odd  minima 

E  =  2261  Min.  =  3387''. 24421  5 

E  =  2263  Min.  =  3390''. 240550 

S  =         2<'.996335 


In  this  computation  terms  not  containing  E  in  equations  (2)^ 
and  therefore  having  no  influence  on  the  result,  were  not 
included.     We  therefore  have 

2-=2".996335  .  (21) 

Hence  we  get 

^=150 11". 638  =  41.10  years  ^ 

U^  2''.996933  V  (22) 

2(0  =  0V071856  1 

It  now  remains  to  determine  the  eccentricity  of  the  orbit.  If 
no  motion  of  the  line  of  apsides  occurred   in   the  interval    from 
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^  =  2260  to /t"  =  2262  ,   then   '  {U — ^)and-(6^+^)  would  rei^re- 

2  2 

sent   the   times  during  wliich   the  star  moved  respectively  from 

V  =  270"  to  zf  ~  90",  and  from  v  =  90'  to  z/  =  270°. 


In  fact  the  true  anomalies  change  by  180''  — 


C/—0         2W 


and 


180' 


2      ■    U 

— ^^  .     ,*t  respectivelv  from   the  epochs   2260  to   2261, 
26'' 


and  from  2261  to  2262. 
But 


dM^ 


cos^  <^ 


dv 


(1  +  ^  cos  vy 

An    approximate    knowledge    of    the    eccentricity  is    therefore 
necessary.     I  assume  on  the  basis  of  preliminary  calculations  : 

^=0.1456;    <^=8?35i8. 
In  view  of  the  smallness  of  (o  as  well   as   of  e  we   may  in  both 
cases  place  z^  =  90°  or  i'  =  270°,  and  we  get 

dM  =  cos'  <^dv  , 
while 

C/—6    1 
U 


dv  =  — 


y 


(23) 


dVt  = 


U 


The  dM  thus  found  must  now  be  divided  by  the  mean  daily 
anomalistic  motion,  that  is  by  —jj-^  n.      I  find  for  71  the  value 

(24) 


«  =  120 .  1220. 
From  this  we  obtain 

dM        ,  dM,         ^ 

^  o  .000?  and  =  o''.ooo2, 

n  n 

which  are  to  be  added  to  Q\  consequently 

6  ==0^5527.  (25) 

From  this  there  results 

-{U—Q)=\''.222\;  -(C/+e)  =  i\7T4S,  (26) 

2  2 

which   are  the   intervals  during  which   the  radius  vector  sweeps 

over  the  two  parts  of  the  orbital  ellipse  bounded  by  the  parameter. 
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Now  the  cireas  arc  proportional  to  the  times  in  which  they 
are  described.  Therefore,  if  2s ^  and  2s,  are  the  areas  described 
in  the  above  times, 

Further,  if  F  be  the  area  of  the  whole  ellipse,  we  shall  have  the 
well  known  relations  : 

1  ,  ,    ,    I       ,  r2<^  +  sin  2<i~l 

2S     =^  -  ira-  cos  <^  +  -  ira       —^ 5 ~     cos  <h  , 

2  2       L       icSo        J 


I       ,  r2<6  +  sin  2<i~| 


J^        ^■Kll''  COS   <^ 

Hence  we  have 


2  2S 


CI 


F 


^    II  r2<^+  sin  2<^  I 

2      2  L       180°       J 


-{u-e) 

2  2S , 


u 


F 


I        I  r2<^+  sin  2^T 
2~Il        TSo^         J  ' 


6 


2c^+  sin  2^=  —.180° 


(27) 
(28) 


From  this  is  obtained 

<^=  8:3577 
f=o. 14535 
It  still  remains  to  calculate  the  last  element,  t  .     As  an  even 

*      o 

minimum  occurred  at  this  time,  we  employ  formula  (8): 

./=/,  +  (^  +  ^J^-^'  arctan   [tan  (45°  -  ^  <^)    tan  (^+^J."J 

sin  ^  cos  <^  sin  {F  -|-  F^in 

«  sin  1°      '    \-\- e  co%{^E-\- F^m' 

The  zero  epoch  is  used  for  E,  whence  by  (2) 

/=  1886.0  +  343''.4686. 
We  thus  obtain 

.^^  =  1886.0  + 343''. 4686— 244  — +- arc  tan  [tan  (45^— -  <^)  tan  244     I 

sin  <^  cos  <^  sin  (244a>) 

«  sin  1°      '    I  +  <?  cos  (2440))  ' 
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or 


/    =iSS6.o  +  343". 4086—  \22U  ^- 


1 20 . I  228 


arc  tan  [tan  4s'' <^)  tan  (i22w)] 

2 


sin  <^  cos  </> 


sin  (244W) 


(29) 


I  20?  1 228  sin  I  °  '   i  +  ^cos(244o>) 
Therefore 

/°.=  1885.0 +  342''.8968.  (30) 

I  have  compared  all  of  the  normal  minima  with  the  elements 
thus  obtained,  and  have  found  the  following  differences  between 
computation  and  observation  : 


Kpoch 

I  2 

191 

418 

705 

II84 

I187 

1311 


O— C 

— o''.oo7 
— o  .022 
+  0  .022 
+  0  .008 
— o  .016 
+  0  .004 
+  0  .004 


Epoch 

1640 

I9'3 
2208 

2371 
2852 
2887 


O-C 
-t-C'.oig 
— o  .014 
— 0  .012 
— o  .021 
— o  .008 
— o  .007 


The  deviations  of  the  computations  from  the  observations 
cannot  be  considered  too  large  ;  but  it  cannot  be  denied  that  the 
negative  values  preponderate.  I  have  therefore  taken  the  mean 
of  them  all,  and  find  for  the  correction  to  the  element  4 

dt,  =  — o'*.oo38. 

The  final  elements  therefore  become  : 

ELEMENTS     OF    Y    CVGNI. 

Principal  epoch,   /„  =r  1885.0  +  342''.893o 
Motion  of  line  of  apsides,   w  =  o?o35928 
Eccentricity,    ^=^0.14535 
Anomalistic  period,  U^=  2''. 996933 
On   comparing  these   elements  with  the   normal   positions,  I 
obtained  the  following  result : 


Epoch 

Normal  minimum 

O-C 

Epoch 

Normal  minimum 

0— C 

12 

361 ''.440 

— o''.oo4 

1640 

2800^586 

+0'1.023 

191 

629   .536 

—0  .018 

1913. 

3209  .292 

— 0    .010 

418 

969   .756 

+0  .025 

2208 

3651    -529 

— 0  .008 

705 

1399   -580 

+0  .012 

2371 

3895  ■44« 

—0  .017 

1 184 

2177   .365 

—0  .012 

2852 

4616  .349 

—0  .004 

I187 

2181    .662 

-1-0  .007 

2887 

4668  .529 

— 0  .004 

I3II 

2307   .429 

-fo  .008 
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It  is  obvious  that  a  still  closer  representation  of  the  observa- 
tion can  be  obtained  by  slight  variations  of  the  elements.  Since, 
however,  the  residual  errors  hardly  exceed  the  probable  errors, 
and  since  we  may  exjiect  to  obtain  observations  of  the  even  as 
well  as  of  the  (),_iil  nijniiiia  jjcrhaps  as  soon  as  in  1 900,  I  j^rcfer 
to  await  these  observations  before  I  proceed  to  improve  the 
elements,  which,  of  course,  may  be  accomplished  in  a  man- 
ner analogous  to  the  case  of  the  elements  of  a  planetary 
orbit. 

Of  the  elements,  U  and  e  are  evidently  already  included 
within  very  narrow  limits.  The  uncertainty  in  (o  may  be  consid- 
ered as  somewhat  greater  in  comparison  to  its  less  magnitude, 
and  /o  is  somewhat  uncertain.  Moreover,  as  has  been  already 
remarked,  it  is  not  possible  to  decide  whether  an  even  or  an  odd 
minimum  occurred  at  the  perihelion  passage  at  the  time  4.  The 
former  has  been  assumed  above,  but  on  rather  uncertain  jjrem- 
ises. 

Finally,  a  fifth  element  must  be  calculated  in  order  to  be 
able  to  predict  the  duration  of  occultation  of  the  star  during  a 
given  minimum.  As  such  element  we  may  select  either  the 
duration  of  occultation  at  that  minimum  when  the  distance  of 
the  stars  was  ecjual  to  the  semi-major  axis  of  the  orbital  ellipse  ; 
or  the  ratio  between  the  diameters  of  the  two  stars  and  the 
semi-major  axis;  or,  finally,  the  angle  which  one  star  subtends 
as  seen  from  the  other  when  at  their  mean  distance.  Since  the 
knowledge  of  all  three  of  these  quantities  is  interesting,  I  shall 
now  show  how  they  may  be  determined.  The  observational 
data  upon  which  this  computation  may  be  based  are  still 
extremely  scant,  and  were  only  obtained  on  searching  through 
my  observations  to  see  whether  there  were  any  which  either 
began  so  early  or  ended  so  late  that  the  half  of  the  duration  of 
the  occultation  could  be  inferred  with  some  certainty.  Omitting 
certain  isolated  and  more  unreliable  data,  1  find  the  following 
nine  observations,  all  of  even  minima  and  all  in  the  year  1892, 
which  appear  fairly  suitable  : 
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Epoch 

Half-duration 

Epoch 

Half-duration 

II52 

h    m 
2    21 

1182 

h     m 

2  55 

I  162 

2    31 

I  184 

2  63 

I  168 

2    33 

I  194 

2  40 

I  168 

2    27 

I  194 

2  50 

I  I  80 

2  54 

Mean  2'' 41'" 

The  whole  duration  of  the  occultation  was  accordingly 

r'=o''.225. 

Now,  since  it  is  clear  that  occultation  begins  at  the 
moment  when  the  stars  come  into  contact  as  seen  from  the 
Earth,  and  does  not  cease  until  the  star  disks  are  again  tangen- 
tial, and  since  the  stars  are  of  equal  size,  the  one  star  must  have 
described  an  arc  of  the  orbit  four  times  as  large  as  its  own 
radius  seen  from  the  other  star,  if  we  assume,  as  is  universally 
done,  that  one  star  is  stationary.  Assuming  that  the  radius  is 
equal,  at  its  mean  distance,  to  tt,  and  letting  R  be  the  radius 
vector  at  minimum,  and  taking  the  semi-major  axis  as  unity,  and 
calling  B  the  arc  described  by  the  star,  we  shall  get 


or 


4 


(31) 


Since  at  the  beginning  of  the  occultation  the  moving  star 
touches  one  of  the  tangents  to  the  stationary  star,  parallel  to  the 
line  of  sight,  the  chord  joining  the  points  of  the  orbit  where  the 
center  of  the  moving  star  is  situated  at  the  beginning  and  end 
of  occultation  is  equal  to  the  sum  of  the  diameters  of  the  two 
stars,  or,  which  is  the  same  thing,  is  equal  to  four  times  the 
radius  of  one  star.      If  r  is  now  the  radius  of  the  star  we  have 


or 


-=.s>n^ 


r  =  —  sm  B. 

2 


(32) 
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For  two  different  minima  we  accordingly  have,  writing  dv  in 
place  of  B, 

Rdv  =  R,di\. 

According  to  Kepler's  second  law,  however, 

T  _    R'dv    _  R 
T~  R,\iv,  ~~~R,' 

If  R^  a=^  I,  and  7^  is  the  duration  of  occultation, 

T 

We  may  now  introduce  the  factor  — ; in  place  of  A\ 

I  -\-  e  cos  V         ^ 

and  we  get 

T=  T,{i  +  e  cos  V,)  .  (33) 

We  therefore  obtain  for  V  Cygni 

r=o''.245  •  (34) 

In  this  case,  however,  v  ^^  w  [E  -]-  E^)  =  90°  -j-  <^.  Hence,  the 
corresponding  mean  anomaly  is  iI/=  81^67.  If  J/,  and  M^ 
indicate  respectively  the  mean  anomalies  at  the  beginning  and 
end  of  the  minimum  for  which  7^=  0*^.245,  we  have 

J/,  — J/.  =  ^^.36o°=29:44. 

Consequently 

M,=  6f.gs    ;      M=    96?39. 

v^   =84?26     ;      v^  =ii2?38. 
and 


4 

1 
r  =  sm  TT  =- 


(35) 


It  is  perfectly  evident  that  this  whole  investigation  of  the 
elements  T,  ir,  and  r  is  highly  uncertain.  For  one  thing,  the 
quantities  T' ,  directly  found  from  the  observations,  are  not  very 
sharply  determined.  But  the  jjrincipal  uncertainty  is  whether  a 
perihelion  or  an  aphelion  passage  occurred  at  the  chief  epoch  4  ; 
and  this  is  of  quite  a  different  significance  in  the  determination 
of  the  above  elements  than  for  those  of  others.      But  the  values 
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found  for  T,  tt.  and  rare  nevertheless  to  be  regarded  as  approxi 
mations  to  the  truth.     The  general  result  of  the  foregoing^  inves- 
tigation can  therefore  be  expressed  as  follows  : 

The  variable  star  1 '  Cj'gni  consists  of  two  stars  of  equal  size  and 
equal  brightness,  ivhich  move  aboui  their  common  center  of  gravity  in 
an  elliptical  orbit  whose  major  axis  is  eight  tinces  the  radius  of  the 
stars.  The  period  of  an  anomalistic  revolution  is  2.gg6gjj  days,  and 
the  eccentricity  is  0.14s ■  ^  minimum  occurred  while  the  stars  ivere 
at  perihelion  {f)'  at  21''  26'"  G.  M.  T,  on  December  8,  i88§.  The 
line  of  apsides  of  the  orbit,  luhich  the?i  coincided  with  the  line  of  sight, 
completes  one  revolution  in  the  plafie  of  the  orbit  tn  41 .1  tropical  years. 

Tiiese  investigations  may  well  claim  some  interest.  The 
observations  on  which  they  are  based  were  made  with  the  very 
simi)lest  apparatus,  namely  with  ordinary  telescopes,  without 
photometers,  but  with  the  use  of  Argelander's  famous  method  of 
estimation  in  grades.  Nevertheless,  the  observations  have 
proven  the  existence  of  a  binary  system  hitherto  unknown, 
whose  period,  shape  and  position  of  orbit,  and  position  of  line  of 
apsides  are  now  known  with  a  degree  of  accuracy  in  part  not 
inconsiderable.  Moreover,  we  know  a[)proximatcly  the  ratio 
between  the  major  axis  of  the  orbit  and  the  diameter  of  the 
stars,  as  well  as  the  angular  diameter  of  the  one  star  as  seen 
from  the  other.  Finally,  a  force  has  been  brought  to  light 
which  causes  the  line  of  apsides  to  assume  all  possible  positions 
in  the  orbital  plane  in  a  space  of  about  forty  years. 

The  line  of  apsides  will  again  coincide  with  the  line  of  sight 
in  1906,  and  then  the  even  minima  will  occur  at  the  time  of 
aphelion  passage,  if  we  have  been  correct  above.  It  will  then 
be  possible,  and  possibly  even  earlier,  to  decide  with  certainty 
from  observations  with  photometers  and  by  estimates  whether 
an  aphelion  or  a  perihelion  passage  occurs  at  this  time.  As  it  is 
my  intention  to  make  obserwitions  of  the  even  minima  occurring 
at  a  very  favorable  season  in  this  year,  for  the  purpose  of 
observing  the  duration  of  occultation  of  the  star,  I  have  predicted 
in    the    following  ephemeris  the  times  when  the  minima  occur, 

'  The  uncertainty  is  whether  it  was  perihelion  or  aphelion. 
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but  not  the  duration  of  the  occultation,  in  order  not  to  prejudice 
my  observations  tliereby. 

EPHEMERIDES    FOR     I9OO. 


Even  minima 

Odd  minima 

Epochs 

G.  M.  T. 

Epochs 

G.  M.  T. 

3186 

d      h     m 
Jan.      3   17  31 
Feb.     2   16  37 
Mar.     4   15  43 
Apr.     3   14  49 
May     3  13  55 
June     2   13     I 
July      2   12     7 
Aug.     I    II    13 
Sept.    0  10  18 
Oct.      0     9  24 
Oct.    30     8  29 
Nov.  29     7  35 
Dec.  29     6  40 

3185 

3205 

3225 

324S 

d      h     m 
Jan.      200 
Feb.     0  23     8 
Mar.     2  22   17 
Apr.     I   21   25 
May     I   20  34 
June     0   19  42 
June  30  18  51 
July    30   18     0 
Aug.  29   17     9 
Sept.  28   16   18 
Oct.    28   15  27 
Nov,  27   14  36 
Dec.  27   13  45 

3206 

3226 

3246 

3266 

3265 

3285 

3305 

3325 

3345 

3365 

3385 

3405 

3425 

3286 

3306 

3326 

3346 

3366 

3386 

3406 

3426 

It  will  be  seen  that  the  even  minima  may  be  observed  in 
Europe  under  especially  favorable  circumstances  from  the  begin- 
ning of  July  onward.  The  odd  minima  can  be  observed  under 
equally  favorable  conditions  at  the  same  time  in  America. 

Upsala, 

February  2,  1900. 


UN  TlIK  MAGNITUDKS  OF  919  FIXED  STARS  DETER- 
MINED FROM  SEQUENCES  OBSERVED  BY  SIR 
JOHN    HERSCIIEL    DURING    THE    YEARS    1835   to 

i8:;8. 

I. 

Hy    \V.    D  O  B  E  R  C  K. 

The  value  of  astronomical  observations  increases  with  their 
age,  especially  in  case  of  determinations  of  magnitudes  of  fixed 
stars.  Old  records  would  enable  us  to  discover  secular  varia- 
tions in  those  magnitudes. 

Sir  John  Herschel's  observations  were  made  nearly  seventy 
years  ago  with  the  naked  eye,  without  any  instrumental  appli- 
ances, according  to  the  method  of  sequences  which,  with  the 
exception  of  the  very  brightest  stars,  is  capable  of  furnishing 
results  which  are  as  accurate  as  the  latest  photometric  determi- 
nations. Sir  John  Hcrschel  not  only  made  these  observations, 
but  he  also  partially  reduced  them  and  determined  magnitudes 
of  stars  included  in  Table  I,  using  as  standards  the  magnitudes 
given  in  the  catalogue  published  by  the  Astronomical  Society  in 
1827,  although  he  mentions  that  those  latter  magnitudes  are  not 
homogeneous  and,  at  least  in  individual  cases,  frequently  consid- 
erably in  error.  Gould  mentions  that  the  order  of  the  magnitudes 
given  by  Herschel  differs  at  present  so  widely  from  that  recorded 
by  him,  that  it  is  not  always  easy  to  decide  what  magnitude  on 
our  scale  corresponds  to  his  determination,  and  Sir  John  Herschel 
himself  expressed  the  hope  that  his  sequences  might  be  definitively 
reduced  at  some  future  time,  when  accurate  jjhotometric  determina- 
tions of  the  magnitudes  of  fixed  stars  were  available  for  reference. 
Sir  John  Herschel  states  that  he  chose  perfectly  clear  nights 
(which  for  this  purpose  are  quite  indispensable),  but  it  is  found 
that  the  results  on  some  nights,  especially  on  December  29, 
1837,  ^^^  "ot  so  satisfactory  as  those  obtained  on  other  nights, 
which  may  possibly  be  due  to  the  existence  of  faint  patches  of 
cirrus   haze,  which   were   not   remarked   at   the   time.      Sir   John 
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Ilcrschol  touiul  it  iinjM-acticablc  to  limit  himscll  to  the  comjjari- 
son  of  stars  of  nearly  the  same  altitude,  nor  could  he  always 
avoid  working  on  moonlight  nights.  He  states  that  he  did  not 
consider  it  worth  while  to  bestow  particular  attention  upon  insig- 
nificant stars,  not  exceeding  the  sixth  magnitude. 

The  order  of  the  stars  in  Table  I  is  as  definitively  arranged 
by  Sir  John  lierschel  in  his  corrected  normal  sequence.  The 
same  table  shows  the  magnitudes  according  to  the  Uranometria 
Argentina,^  and  the  equalized  magnitudes,  which  are  the  means 
of  the  star's  own  magnitude  as  stated  in  the  former  column  and 
those  of  the  two  stars  immediately  preceding  and  the  two 
immediately  following  it  in  order.  Taking  now  the  numerical 
order  of  each  star  from  the  beginning  of  the  table  for  an  abscissa, 
and  erecting,  on  paper  divided  into  millimeter  squares,  an  ordi- 
nate equal  to  its  equalized  magnitude,  a  series  of  |)oints  was 
obtained.  A  curve  was  now  drawn  as  nearly  as  possible  through 
(or  rather  among)  those  points.  This  curve  was  then  read  off, 
and  the  reading  set  down  in  the  last  column,  the  magnitudes 
shown  in  which  have  been  used  as  standards  in  reducing  the 
individual  secjuences. 

Each  of  the  forty-six  se(jucnces  was  then  treated  separately 
in  a  similar  manner.  The  numerical  order  of  each  star  from  the 
beginning  of  the  sequence  was  taken  for  an  abscissa,  and  an  ordi- 
nate equal  to  its  provisional  magnitude  in  Table  I  was  dotted 
down  in  case  of  stars  included  in  that  table.  No  ordinate  was 
entered  in  case  of  stars  not  included  in  the  table,  except  in  case 
of  stars  fainter  than  the  stars  in  Table  I.  In  case  of  the  latter 
their  magnitudes  as  given  in  the  Urauometria  Argentina  were 
entered  as  the  corresponding  ordinates.  Curves  were  then  drawn, 
keeping  as  close  as  possible  to  all  the  dots  as  the  condition  of  a 
continual  increase  of  the  ordinate  would  allow.  In  general  this 
was  very  satisfactory  as  long  as  the  {provisional  magnitudes  were 
in  question,  but  when  it  came  to  the  magnitudes  taken  from  the 
Umnomctria  Argentina  the  agreement  was  less  satisfactory.  The 
apparent  magnitudes  of  the  stars   in  every  se(|uence  were   now 

'When  not  found  in  the  L7.  A.  the  magnitudes  were  taken  from  the  Uranomelria 
Nova,  and  are  shown  in  parentheses.  < 
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read  off  on  the  curves,  and  the  results  are  given  in  Table  II. 
The  stars  are  here  distinguished  by  their  numbers  in  Table  III, 
which  contains  the  final  catalogue.  The  value  of  a  step,  or 
grade  (the  difference  in  magnitude  between  two  adjacent  stars), 
is  verv  different  in  different  sequences  or  in  different  |)arts  of 
the  same  secjuence.  For  stars  of  the  first  two  magnitudes  it 
amounted  in  general  to  about  0.20  of  a  magnitude,  for  stars  of 
about  the  fourth  magnitude  it  came  to  about  0.08  magnitude  or 
less,  while  for  stars  of  the  sixth  magnitude  it  varied  between 
0.02  and  0.40  of  a  magnitude.  The  ordinate  rises  quickly  at 
the  beginning  of  a  secjuence,  a  natural  consequence  of  the  fact 
that  the  brighter  stars  are  scarce,  then  it  gradually  rises  more 
slowlv  and  either  continues  to  approach  parallelism  with  the 
axis  of  abscissae,  or,  what  is  more  frequent,  it  again  gradually 
rises  steeply.  The  sequences  10,  14,  15,  17,  19,  and  38  were 
represented  by  straight  lines.  The  probable  error  of  a  magni- 
tude shov:n  in  Table  II  is  in  case  of  the  second  magnitude 
±0.075,  *^f  the  third  ±0.087,  of  ^^e  fourth  ±0.121,  and  of  the 
fifth  ±0.204.  Herschel  obser\  ed  stars  of  the  first  magnitude  on  an 
average  1 1  times,  of  the  secoml  9  times,  of  the  third  3  times,  of  the 
fourth  twice,  of  the  fifth  once  or  twice,  and  of  the  sixth  once  only. 

The  identification  of  the  stars  has  given  great  trouble,  although 
I  was  ably  assisted  by  Mr.  J.  I.  Plummer  and  Mr.  F.  G.  Figg, 
and  I  ha\'e  not  as  yet  been  able  to  identify  the  following  five 
stars:  o-  Eridani  (1837.874,  3.87),  -^  Coliunbae  (1838.01 8,  6.08), 
P.  Carimze  {182,6.1  jg,  5.76),  Cait.  iz^^Bode  ( 1837.993,  6.32),  and 
I  Coronae  Aust.  (1835.540,  5.91). 

Herschel  occasionally  included  the  major  planets  in  his 
sequences  with  the  following  results  : 

Mars,  1836.867:  1. 1 2.  Satiini,  1836.415:  0.95,  1837.188: 
1. 00,  1837.272:  1.28,  1838.149:  1. 10.  Jupiter,  1836.867:  -^0.62, 
1837.990:  ^0.20,  1837.993:  ^0.33,  1838.149:  ^0.21,  1838.- 
283  :    ^0.44. 

Table  III  shows  the  mean  magnitudes:  column  i  indicates 
the  number  and  column  2  the  name  of  the  star  according  to 
Gould's  nomenclature.     The  third  and  fourth  columns  show  the 
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coordinates  of  the  stars  for  i<S75.  The  fifth  column  shows  the 
mean  magnitude  accorcUng  to  Sir  John  Herschel  (h).  and  the 
sixth  column  shows  how  often  he  observed  the  star  (n).  The 
seventh  column  shows  the  magnitude  which  Behrmann  (B) 
assigned  to  the  star  in  autumn  1866,  reduced  to  the  U.  A.  scale 
by  aid  of  the  table  in  the  Uranomctria  Argentina  (page  117). 
The  eighth  column  contains  the  U.  A.  magnitude.  The  nmth 
column  shows  the  5.  M.  P.  magnitude  taken  from  Annals  of  the 
Astronomical  Observatory  of  Harvard  College,  Volume  XXXIV. 
The  tenth  column  shows  the  magnitude  observed  by  Mr.  A. 
Stanley  Williams  in  1885-6  and  published  in  his  catalogue  of 
the  magnitudes  of  1081  stars  (London,  1898).  The  data  in 
columns  9  and  10  have  been  reduced  to  U.  A.  scale  by  aid  of 
the  tables  given  by  Mr.  Williams  on  pages  8  and  10  of  the  intro-. 
duction  to  his  catalogue.  In  case  the  light  of  a  star  as  seen  by 
the  naked  eye  is  made  up  of  several  stars  separately  noted  in  the 
U.  A.  or  5.  M.  P.  their  light  has  been  added  together  and  the 
resulting  magnitude  entered.  Where  this  has  not  been  done,  the 
magnitude  is  that  of  the  brightest  star  only  and  is  placed  in 
brackets  [].  Where  it  was  not  possible  to  apply  any  reduction 
to  U.  A.  the  magnitude  is  placed  in  parentheses  ( ) .  The  eleventh 
column  contains  the  mean  of  all  the  magnitudes,  but  this  is  given 
only  in  cases  where  it  is  most  probable  that  the  magnitude  has  not 
undergone  any  variation  whatsoever  during  the  past  seventy  years. 

These  mean  magnitudes  might  serve  as  standards  in  future 
photometric  work  in  the  southern  hemisphere.  They  are  referred 
to  the  U.  A.  scale,  and  I  am  by  no  means  satisfied  that  that 
is  the  best  scale  that  could  be  selected,  but  then  it  is  so  well 
known  that  magnitudes  observed  on  any  other  scale  can  be 
easily  referred  to  it,  or  the  magnitudes  here  given  can  con- 
x'eniently  be  reduced  to  any  other  system.  Stars  possibly 
variable  have  been  pointed  out.  They  deserve  attention.  With 
reference  to  secular  variation,  more  or  less  faintly  indicated  in 
case  of  some  stars,  it  appears  that  nothing  definite  will  be  known 
till  further  observations  are  available. 

My  thanks  are  due  to  Mr.  J.  I.  Plummer,  and  to  Mr.  F.  G. 
Figg  for  the  willingness  with  which  they  have  assisted  me  in  carry- 
ing out  this  investigation.  The  former  gentleman  especially  has 
devoted  much  time  to  calculations  in  connection  with  this  work. 
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TABLE    I. 

Provisional  magnitudes  based  on   Herschel's   corrected  sequences  and  the 

Uranoinetria  Art^enlitiu. 


Name 


a  Can  is  Major  is  .  .  . 

a  Argils 

a   Cfn/tiitri 

a  Boo/is 

a  Aurigae 

a  Lyrae 

/i  Orionis 

a  Can  is  Mi  nor  is.  .  . 

a  Eridani 

a  Orionis 

a    Tauri 

/3   Cenlatiri 

ti   Crttcis 

a  Scor/iii 

a  Aqiiilae 

a    Virgin  is 

a  Pi^cis  Anstralis  .  . 

/3  Geminorutii 

/3  Crttcis  ...  - 

o  Leonis 

a   Gruis 

7  Crucis 

e    Orionis 

e    Ursae  Majoris .... 

\  Scarpa 

e   Can  is  Majoris.  .  .  . 
a   Ursae  Majoris .  , .  . 

f  Orionis 

/S  Carinae 

77    Ursae  Majoris. .  .  . 

y  Orionis 

7    Veloruvi 

a  Pavonis 

Carinae 

/3    Tauri 

a    Trianguli  Aust. .  . 
e  Sagiltarii 

6  Siorpii 

a  IJydrae 

/3  Ursae  Mi  nor  is  .  .  . 
d   Canis  Majoris.. .  . 

/3  Gruis 

ff  Sagittarii 

a  Arietis 

7  Leonis 

5    Velorum 

£    Pegasi 

X   Velorum 

7   Geminoriim 

f  Ursae  Majoris .  .  .  . 


Equal- 

Provi- 

U. .4. 

ized 

sional 

Mag. 

Mag. 

O.I 

(O.I) 

0.07 

0.4 

(0.4) 

0.41 

0.7 

0.64 

0.64 

(I.O) 

0.82 

0.80 

(10) 

0.94 

0.93 

(I.O) 

I  .04 

I  .00 

1.0 

I  .04 

1.05 

1.2 

1.08 

1.07 

I.O 

1.08 

1.09 

I  .2 

I.  12 

I. 12 

(I.O) 

I. 14 

I.  14 

I  .2 

I  .22 

I.  18 

1-3 

1.20 

1.22 

1.4 

1-30 

1.27    1 

1. 1 

1-34 

1-34 

IS 

1.42 

1. 41    , 

1.4 

1.48 

1.48  1 

(1-7) 

1.52 

1-55 

1-7 

1 .60 

1. 61  : 

(1-3) 

1.72 

1-67  1 

1-9 

1.74 

1-73  1 

2.0 

1.80 

1-77  i 

1.8 

1.94 

1-83 

(2.0) 

1.92 

1.87 

2.0 

1.92 

1. 91 

1.8 

1.92 

1.95 

(2.0) 

1 .92 

1.99 

1.8 

1.92 

2.02 

2.0 

1 .90 

2.05 

(2.0) 

2-10 

2.07    1 

1-7 

2.16 

2.09 

30 

2.18 

2. 10 

2. 1 

2.18 

2. II   ' 

2.1 

2.28 

2.12 

(2.0) 

2.12 

2.12  I 

2.2 

2.  12 

2.12 

2.2 

2.  12 

2.12 

2.1 

2.  12 

2.12 

2.1 

2.10 

2.13 

(2.0) 

2-10 

2- 13  ; 

2.1 

2.16 

2.14  ' 

2.2 

2.14 

2.  14    1 

2.4 

214 

2.14 

(2.0) 

2.16 

2.14 

(2.0) 

2.18 

2.14 

2.2 

2.20 

2.14 

2-3 

2.26 

2.14 

2.5 

2.26 

2.14 

(2.3) 

2.28 

2.14     j 

(2.0) 

2.26 

2.14 

Name 


:  fl 


Cell 

Cen  tauri 

Aurigae 

Orionis 

Ursae  Minoris  . 

Pegasi 

Canis  Majoris .  . 

Orionis 

Leonis 

Coronae  Bar. . .  . 

Ophiuchi 

Centauri 

Carinae 

Puppis 

Pegasi 

Bootis 

Phoenicis 

Scarpa 

Ursae  Majoris. . 

Lupi 

Ursae  Majoris .  . 

Centauri 

Canis  Majoris .  . 

Scarpa 

Leonis 

Centauri 

Corvi  

Centauri 

Ceti 

Corvi 

Ophiuchi 

Puppis 

Virginis 

Ophiuchi 

Scarpa 

Pegasi 

Centauri 

Ophiuchi  

Sagittarii 

Scarpa 

Velorum 

Herculis 

Leparis 

Librae 

Bootis 

Colunibae 

Velorum 

Virginis 

Librae 

Canum  Venat.  . 


Equal- 

U.A. 

ized 

Mag. 

2.3 

2.16 

2.2 

2.  16 

(2.0) 

2.16 

2-3 

2.10 

(2.0) 

2.10 

(2.0) 

2.16 

2.2 

2.  10 

2.3 

2.  10 

(2.0) 

2.12 

(2.0) 

2.  16 

2.  I 

2.20 

2.4 

2.30 

2.5 

2.36 

2-5 

2.40 

(2.3) 

2.40 

(2.3) 

2.36 

2.4 

2.32 

2-3 

2.38 

(2.3) 

2.38 

2.6 

2.42 

(2.3) 

2.54 

2.6 

2.56 

2.9 

2.50 

2.4 

2.58 

(2-3) 

2.56 

2.7 

2.48 

2.5 

2.48 

2.5 

2.54 

2.4 

2.48 

2.6 

2.52 

2.4 

2.64 

2.7 

2.68 

3-1 

2.66 

2.6 

2.72 

2.5 

2.74 

(2.7) 

2.66 

2.8 

2.76 

2-7 

2.78 

3-1 

2.78 

2.6 

2.68 

2.7 

2.68 

(2.. 3) 

2.68 

2-7 

2.76 

3-1 

2.72 

(3-0) 

2.84 

2.5 

2.84 

2.9 

2.84 

(2.7) 

2.84 

3-1 

2.90 

{3-0) 

2.84 

Provi- 
sional 
Mag. 


2.  14 
2.15 
2.15 
2.16 
2.  16 
2.17 
2.18 
2.  19 
2.21 
2.22 
2.24 
2.26 
2.28 
2.31 
2.34 


36 

39 

42 

44 

46 

48 

2.50 

2.52 

2-53 
2.54 
2.56 
2-57 
2-59 
2.60 
2.61 
2.62 
2.63 
2.65 
2.66 
2.68 
2.70 
2.71 
2.72 

2.73 
2.74 

2.75 
2.76 
2.76 
2.77 
2.78 
2.78 
2.79 
2.79 
2.80 
2.80 
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TABLE  \  — Continued. 


Name 


fi  Eridani 

a  Serpentis 

X  Sagittarii 

/S  Hydri 

P  Lupi 

1    Centauri 

5  Sagittarii 

5  Corvi  

6  Carinae 

/3  Arae 

/3  Leporis 

e    Corvi 

IT  Scarpa 

a    Toucani 

«  Muscae 

p   Pttppis 

7  Lupi 

o  Scorpii 

a  Arae 

M'  Scorpii 

V  Scorpii 

*■ '  Scorpii 

T  Scorpii 

3r  Sagittarii 

7  Aquilae 

7  Hydrae 

^   Triangtdi  Aust. 

P  Arietis 

7    Triangtdi  Aust. 

a  Hydri 

T  Pttppis 

f  Hydrae 

(    Orionis 

V  Carinae 

V  Hydrae 

i   Crucis 

/3  Can  is  Minoris  . 

N  Velortim 

ir^Oriotiis  ....... 

X   Centauri 

7  Grids 

K   Centauri 

P  Muscae 

f   Virginis 

o  Indi 

f  Canis  Majoris . . 

/3  Phocnicis 

/3  Columbae 

e    Hydrae 

a   Circini 

S   Eridani 

i   Pttppis 

7  Hydri 


Equal- 

U.A. 

ized 

Mag. 

2.8 

2.84 

2.6 

2.76 

2.7 

2.72 

2.7 

2.76 

2.8 

2.80 

30 

2.86 

2.8 

2.90 

30 

2.90 

2.9 

2.88 

2.8 

2.98 

2.9 

3.06 

3.3 

3  04 

3-4 

3.06 

2.8 

3.12 

2.9 

3.10 

3-2 

3.10 

3-2 

312 

3-4 

3.26 

2.9 

3-26 

3-6 

3-28 

3-2 

3-24 

2-2, 

3.28 

3-2 

3.16 

3-1 

316 

(3.0) 

3-12 

3-2 

3.08 

3-1 

3.08 

(3-0) 

3.06 

3-1 

3.06 

2.9 

3.06 

3-2 

304 

3-1 

3-o8 

2.9 

3.10 

3-3 

3-14 

30 

3.12 

3-4 

3.i« 

3-0 

3-14 

3-2 

3.22 

3-1 

3-14 

.  3-4 

3.20 

3-0 

3-24 

3-3 

3-34 

3-4 

3-28 

3-6 

3-32 

31 

3-32 

3-2 

3.22 

3-3 

3-16 

2.9 

3-24 

3-3 

312 

3-5 

316 

2.6 

3.22 

3-5 

3.22 

3-2 

3.20 

Provi- 
sional 
Mag. 

2.81 
2.82 
2.83 
2.84 
2.86 
2.87 
2.89 
2.92 


95 

.98 

,00 

,02 

,04 

.05 

3.07 

3.08 

3-09 


3- 
3- 
3- 
3- 
3- 
3- 
3- 
3- 
3- 
3- 
3- 
3- 
3- 
3- 
3- 
3- 
3- 
3- 
3- 
3- 
3- 
3- 
3-I9 

3-20 
3-20 

3.21 
3.22 
3.22 

3.22 
3-24 
3  24 
3.26 
3-26 
3-28 
330 
3-31 


Name 


q  Carinae 

o'  Canis  Majoris 
ir  Hydrae 

V  Puppis 

a  Pic t oris 

Tj  Scorpii 

<r  Puppis 

e    Grids 

7  Arae 

a  Doradtis  .... 
5    Virginis  .... 

w  Carinae 

e    Leporis 

p   Carinae 

5    Crateris 

c    Puppis 

a  Reticidi 

ft  L.eporis 

<r  Canis  Majoris 
7  Plioenicis . . . . 
77  Virginis  .... 
/u  Centauri  .... 

V  Centauri  .... 

0  Eridani 

K  Ophiuchi .... 

5  Lupi 

M  Serpentis  .... 

2oLibrae 

/3  Serpentis  .... 
€    Ophiuchi . .  . . 

X  Carinae 

e   Lupi 

o  Velortim  .... 
/3   Toucani  .... 

f  Lupi 

K  Canis  Majoris 

Tj  Lupi 

7  Ceti 

a  Horologii.  . . . 

f  Hydrae 

5   Columbae .... 

a  Carinae 

X  Eridani 

(p^/^upi 

/3  Virginis  .... 

t    Lupi 

X  Hydrae 

K  Lupi 

/3  Cancri 

7   Volantis 

k  Puppis 

/    Carinae 

a  Puppis 


U.A. 


Equal- 
ized 
Mag. 


Provi- 
sional 
Mag. 
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TABLE  \  — Continued. 


Name 


f  Scorpii 

7   Tout  ant 

\p  Vi-loruni  .... 

fjL  Hydrae 

o'  Ciiiiis  Majoris 

K.    Hydra  e 

ir  Lupi 

e  Columbae .  . . . 
t   Phoenicis . . . . 

j"  Phoenicis 

5  Hydri 

t;  Columbae . . . . 

y.  Lupi 

/3  Picloris 

/3  Doradth 

e  Hydri 

<t>  I  'elorum  .... 
//  Carinae   .... 

a  Pyxidis 

/J  Volantis 

/   Puppis\ 

V  Eridani .  ... 

g  Eridani 

/3  Hydrae 

u'  Centauri  .... 
5  Phoenicis    .  . . 

^  Reliculi 

f  Criicis 

e    Crucis 

K  Phoenicis .... 
<i>  Centauri  .... 

77   Crucis 

5  Volantis  .... 
(T  Centauri  .... 
a  Volantis  .... 
/  Carinae  .... 
(    Eridani  .... 


Eq 

ual- 

Provi- 

r'. .4. 

ized 

sional 

Mag. 

Mag. 

,^•6 

3-94 

3-94 

4 

0 

3 

86 

3 

96 

3 

7 

3 

84 

3 

98 

4 

0 

3 

90 

3 

99 

.S 

9 

3 

96 

4 

00 

3 

9 

4 

04 

4 

01 

4 

3 

4 

00 

4 

02 

4 

I 

4 

06 

4 

02 

3 

8 

4 

10 

4 

03 

4 

2 

4 

04 

4 

04 

4 

I 

4 

18 

4 

04 

4 

0 

4 

20 

4 

OS 

4 

8 

4 

14 

4 

06 

3 

9 

4 

16 

4 

06 

3 

9 

4 

14 

4 

06 

4 

2 

3 

98 

4 

06 

3 

9 

3 

96 

4 

06 

4 

0 

3 

96 

4 

07 

3 

8 

3 

96 

4 

08 

3 

9 

3 

94 

4 

08 

4 

2 

3 

96 

4 

09 

3 

8 

4 

10 

4 

10 

4 

I 

4 

16 

4 

10 

4 

5 

4 

12 

4 

II 

4 

2 

4 

14 

4 

12 

4 

0 

4 

24 

4 

13 

3 

9 

4 

14 

4 

14 

4 

6 

4 

08 

4 

M 

4 

0 

4 

10 

4 

15 

3 

9 

4 

26 

4 

16 

4 

I 

4 

16 

4 

16 

4 

7 

4 

22 

4 

16 

4 

I 

4 

28 

4 

17 

4 

3 

4 

34 

4 

18 

4 

2 

4 

24 

4 

18 

4 

^4 

4 

26 

4 

19 

4 

2 

4 

36 

4 

20 

K  Eridani 

5    Toucani  

5   Ceti 

P  Veto  rum 

5  Mttscae 

f   Volantis 

7  Muscae 

fk  Crucis , 

v*  Canis  Majoris . 

77  Phoenicis 

q   Velorum 

p  Lupi 

a  Chamaeleontis 

I*  Centauri 

^  Pyxidis 

7  Apodis 

f  Centauri 

e    Toucani 

e    Volantis 

a  Apodis    

7  Doradtis 

5  Chamaeleontis. 
f  Toucani  

5  Doradtis 

6  Chamaeleontis. 
/3  Chamaeleontis. 

f  Doradils 

\^  Phoenicis 

e   Reticuli 

e   Doradits 

7  Reticuli 

ij    Toucani 

K  Reticuli , 

f  and  ^  Reticula 

s   Eridani 

f  Hydrae 

/3  Horologii 


U.A. 


Equal- 
ized 
Mag. 


4.04 
4.20 
4.14 
4.24 
4.26 
4.40 
4-38 
4-36 
4-52 
4-54 
4.48 
4.40 
4.50 
4-34 
4-30 
4-30 
4-44 
4.48 
4-54 


5.14 
5-12 
5.22 
5.20 
(4.90) 
(5.20) 


Provi- 
sional 
Mag. 


21 
22 
22 

24 
24 
26 

27 
29 
30 
31 
32 

34 
35 
36 
37 
38 
39 
40 
40 
41 
42 
42 
44 
48 

55 
61 
66 

73 
80 
86 
93 
99 
04 
10 

15 
20 

25 
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tablf:  II. 

Apparent  magnitudes  of  stars  observed  by  Herschel  in  sef[uences 
July  16,  1835,  to  February  25,  1838,  and  on  board   H.  E.  I.  C, 
from   March  28  to  April  15,  1838,  inclusive,  deduced  by  aid 
Argen/itta. 


at  Feldhausen  from 
S.  Windsor,  at  sea, 
of  the  Uranometria 


No. 

Ep. 

Mag. 

No. 
14 

Ep. 

Mag. 

No. 

Ep. 

Mag. 

I 

36.535 

2.14 

35.620 

3-68 

32 

36.905 

3-43 

36.541 

3-67 

37.812 

3.48 

2 

37-732 

5.82 

.905 

3-64 

37.812 

3-61 

33 

37.732 

5-89 

3 

35-620 

3-87 

36.905 

3.82 

15 

37.732 

5-83 

34 

37-730 

3-39 

^7.812 

3-99 

-732 

3-18 

16 

35.620 

4.82 

.874 

3-18 

4 

37-732 

5.82 

37.812 

5-07 

35 

35.620 

3-92 

5 

36-535 

2.78 

17 

37.812 

5-33 

37-812 

3-95 

6 

35-620 
36.905 

4-39 
4-15 

18 

36.535 
.905 

1-99 
2.42 

36 

37-730 

5-15 

37.812 

4-47 

37.730 
.732 

2.33 
2.13 

37 

37.812 

5.11 

7 

37.732 

5.84 

.812 
.874 

2.07 
2-35 

38 

38.283 
.286 

2.14 
2.22 

8 

37.812 

4-53 

19 

35.620 

4-34 

39 

37-730 

3-64 

9 

35.620 
36.179 

2.78 
2.76 

37-812 

4-34 

-732 

3-55 

.535 

2.86 

20 

37-732 

4.88 

40 

37-730 

5-05 

■541 

2.84 

•732 

5.64 

.905 

2.77 

21 

37-732 

5-74 

37-730 

2.72 

41 

35-620 

3-47 

.812 

2.94 

22 

37-732 

5.70 

36.905 

3-51 

•993 

2.83 

37.812 

3-56 

38.015 

3-17 

23 

37-732 

5-78 

.018 

3-23 

42 

37-732 

5.22 

-034 

2.96 

24 

37-732 

5.90 

43 

37-732 

5.S7 

10 

35-620 

3-97 

25 

37-732 

5.66 

36.905 

3-84 

44 

37-732 

5.62 

37-812 

4-36 

26 

37.812 

5.19 

45 

35-620 

3-81 

II 

35-620 
36.535 

2.37 
2.70 

27 

37-732 

5-88 

36.905 
37-8x2 

3-72 
4-31 

•905 

2.56 

28 

37-732 

5.88 

37.730 

2.61 

46 

37-732 

5.91 

.812 

2.46 

29 

37-732 

4.02 

47 

37-732 

5-45 

12 

37.732 

5-57 

30 

37-732 

5-79 

48 

35.620 

1. 16 

13 

35-620 
37.812 

4.86 
4.70 

31 

37-732 

5.88 

36-179 
•434 

0.82 
1.08 

32 

35-620 

3-39 

•535 

1. 00 
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No. 

Ep. 

Mag. 

No. 

Ep. 

Mae- 

No. 

80 

Ep. 

Mag. 

48 

36.601 

1.06 

65 

35.620 

2.95 

37-732 

5.81 

.867 

1. 19 

36-541 

3-10 

.905 

1.24 

.905 

2.85 

81 

37-730 

5-30 

37.812 

0.87 

37-730 

3-17 

-732 

5.84 

■957 

1. 18 

.812 

3.01 

•990 

1. 16 

38.015 

3-17 

82 

37-730 

4.86 

•993 

0.90 

.018 

3-18 

3S.004 

1.05 

■034 

3.06 

83 

37-732 

4.71 

.015 

1. 19 

.018 

1.04 

66 

37-730 

3-45 

84 

37-730 

4.14 

■034 

I-I3 

.874 

3-61 

.812 

4-25 

49 

37-732 

5.92 

67 

37-732 

5.10 

85 

37-730 

4-55 

50 

37-730 
.732 

3-58 
3-31 

68 

37-732 

4-44 

86 

37.812 

4.80 

69 

36.905 

2.28 

87 

37.812 

4-13 

5» 

37-732 

5.41 

37-730 

2.21 

.812 

1.87 

88 

37-7.30 

3-52 

52 

37-73° 
•732 

4.95 
4-95 

.874 

1.88 

.812 
-874 

3-70 
3-25 

.874 

4-98 

70 

37-732 

5-03 

89 

35.620 

4-25 

53 

37-730' 

4-45 

71 

37-732 

5-48 

36.905 
37.812 

4-05 
3-74 

54 

37-732 

5.80 

72 

35.620 
36-541 

3-55 
3-25 

38.018 

4.04 

55 

37.812 

3-07 

-905 
37.812 

3-58 
3-66 

90 

37-874 

4-44 

56 

37.812 

4.90 

38.018 

•3-77 

91 

37-730 

.874 

4.09 
4.02 

57 

38.018 

5-07 

73 

37-730 

5-35 

92 

37-730 

4.51 

58 

35.620 

4-73 

74 

37-732 

5.28 

.874 

4-38 

59 

37-730 
•732 

5-25 
5-37 

75 

37-732 

5-76 

93 

38.018 

5-72 

76 

35-620 

4-30 

94 

35-620 

4-64 

60 

35-620 

3-74 

36-905 

4.12 

36-905 

4.62 

36-905 

3-67 

37.812 

3-74 

37-812 

4-83 

37-812 

3-78 

38.018 

3-99 

38.018 

5-12 

61 

35.620 
37-812 

5-16 
5-03 

77 
78 

37-730 
37-874 

.   4.61 
4.12 

95 

37-730 
.874 

5-20 

4.72 

62 

37-812 

4-93 

96 

37-730 

4.04 

79 

35-620 

4.02 

-874 

3-77 

63 

37-732 

5.60 

-905 
37-730 

3-77 
3.88 

■874 

3-90 

64 

37-730 
•732 

3-76 
4.14 

.812 
38.018 

4.19 
4-45 

97 

98 

37.812 
36-905 

5-28 
3-28 
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No. 

Ep. 

Mag. 

No, 

Ep. 

Mag. 

No. 

Ep. 

Mag. 

98 

37.730 
.812 

3-00 
3.24 

117 

37.874 

3.61 

«37 

37-730 

5.00 

38.018 

3-34 

118 

36.905 
37-812 

5.02 
4-67 

138 

36-179 
.905 

3-76 
3.97 

99 

37-732 

5-90 

38.018 

5-05 

37.812 
38.004 

4.09 
3-06 

100 

37-730 
-732 

2.92 

2.58 

119 

37.730 
.874 

4.20 
4  23 

,018 

4-17 

.812 

2-55 

139 

37-730 

4-34 

.874 

2.61 

120 

37-732 

5.85 

38.018 

4-29 

lOI 

36.005 
37.812 

5-17 
5-44 

121 

37-874 

3-96 

140 

37-730 
38.018 

4-30 
4.12 

38.018 

5-72 

122 

37.730 

5.10 

.732 

5-52 

141 

37-730 

4.66 

102 

37-732 

5.77 

123 

38.018 

4.63 

.874 

4-84 

103 

37-730 

4-^4 

142 

35.620 

3.62 

.874 

4.07 

124 

37-730 

-874 

3-24 

3-02 

36.179 
.535 

3.38 
3.31 

104 

37-812 

5.39 

.541 

3.30 

125 

37-730 

3.70 

•905 

3.01 

105 

37-732 

5.68 

-732 
-874 

3-68 
3.31 

37.812 
38.004 

3.28 
3.45 

106 

37-730 

3-93 

.874 

3-13 

.015 
.018 

3.32 
3.40 

107 

37.730 
.874 

4.91 
4-78 

126 

37.874 

4-42 

•034 

3-23 

127 

37-732 

5.84 

143 

37-732 

5-76 

108 

37-730 

4.81 

128 

37.874 

5.09 

144 

37-732 

5.76 

109 

37-732 

5-72 

129 

35-620 

4-77 

145 

37.730 

4.71 

no 

37-730 
.874 

3-99 
3.38 

37-730 
38.018 

4.76 
4.60 

146 

.874 
38.018 

4-54 
6.08 

III 

38.018 

4.56 

130 

37.874 

4-79 

147 

37.874 

3-82 

112 

36-905 

5.08 

'3' 

37-874 

4-79 

37-812 

4.77 

148 

37.812 

4.96 

38.018 

5-05 

132 

37.874 

3-13 

38.018 

4.95 

113 

37-874 

3-56 

133 

37-732 
.874 

5-16 
4.42 

149 

37.732 

5-71 

114 

37-874 

3.66 

150 

37.812 

4-63 

134 

37-730 

4-40 

38.018 

4.70 

"5 

37.874 

4.91 

.874 

4.18 

151 

37.812 

5-23 

116 

37.732 

5.82 

135 

37.874 

3-90 

38.018 

5.1 1 

"7 

37-730 
■732 

3-82 
3.80 

136 

37.874 

5.34 

152 

38.018 

5-69 

202 
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No. 

Ep. 

Mag. 

No. 
166 

Ep. 

Mag. 

No. 
190 

Ep. 

Mag. 

153 

38.018 

4.90 

38.026 

3^42 

36.869 

4.61 

■034 

3^47 

38.018 

5-03 

154 

37874 

4-33 

167 

36.869 

5^38 

191 

38.018 

5-72 

«55 

38.018 

3.81 

38.018 

5.69 

192 

38.015 

599 

156 

36905 

4-45 

168 

37^874 

4.60 

37.812 

4-39 

38.018 

4.21 

1  193 

38.018 

4.80 

38.018 

4-48 

169 

38.018 

5.69 

;  194 

38.018 

6.08 

157 

36.179 

3-58 

■535 

3-52 

170 

38.018 

5^69 

195 

36.869 

3^48 

.905 

3-67 

37^957 

3-50 

37.812 

3^43 

171 

38.018 

4.82 

38.018 

3-57 

38.004 

3.62 

.015 

3^57 

172 

38.018 

4^77 

196 

36.867 

2.85 

.018 

3^62 

37.812 

2.81 

■034 

3-54 

173 

38.018 

5.69 

■  957 
38.004 

3.22 
2-75 

158 

36.905 
37.812 

4.81 
5^14 

174 

38.018 

5.69 

.015 

3.12 

38.018 

4.92 

175 

36.869 
38.018 

3-99 
4.25 

197 

38.015 

599 

159 

36.869 

5.24 

198 

36.869 

4.52 

176 

38.015 

5-73 

38.018 

4-97 

160 

38.018 

4^37 

177 

38.018 

6.08 

199 

36.905 

4-75 

161 

38.018 

5.69 

178 

38.018 

5.69 

38.015 

4.90 

162 

38.018 

5.18 

179 

36.869 

3^ii 

200 

37^993 

5-56 

163 

36.867 

1-33 

201 

38.015 

5.76 

37-812 

1-54 

180 

36.869 

4.68 

■957 

J. 50 

202 

36.869 

4.89 

•993 

1. 16 

181 

37^993 

5^24 

38.018 

4.52 

38.015 

1^38 

•034 

I-3I 

182 

36.869 

3^52 

203 

36.869 

3-56 

•237 

1.24 

37-957 

3-62 

.283 

1.47 

183 

38.018 

5^69 

38.018 

3.62 

164 

36.869 
38.018 

3^69 
4.08 

184 
185 

38.018 
38.018 

4.85 
5.69 

204 

36.869 
38.018 

4-89 
4-52 

165 

38.018 

4^33 

186 

36.869 

3.60 

205 

38.283 

0.87 

166 

36.179 

3-41 

206 

36.223 

0.99 

•535 

3^40 

187 

36.869 

5.00 

.867 

1.05 

•905 

3^40 

.869 

1-33 

37-812 

3-33 

188 

37993 

5^42 

-905 

0.96 

38.004 

3^4 1 

38^015 

5^24 

37.812 

1. 17 

.015 

3^52 

-957 

0.97 

.018 

3^52 

189 

38.018 

5-19 

■990 

1-05 
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No. 

Ep. 

Mag. 

206 

37-993 

0.81 

38.004 

0.89 

.015  ■ 

0.96 

■034 

0.92 

.149 

0.95 

.152 

0.94 

•237 

0.92 

.283 

I-I5 

207 

38.018 

5-72 

208 

36.869 

4.10 

209 

36.869 

4.89 

38.018 

4.66 

210 

37-993 

5-03 

211 

36.869 

5-55 

212 

38.018 

5.72 

213 

38.015 

5-73 

214 

38.018 

5-72 

215 

36.867 

3-41 

.869 

3-56 

216 

38-034 

2.01 

.283 

2.17 

217 

36.223 

2.06 

.867 

1.68 

.869 

1-59 

•905 

2.23 

37-957 

2.16 

.990 

2.15 

•993 

1.86 

38.004 

2.01 

.015 

1.98 

.026 

2.08 

.152 

1.86 

218 

38.018 

6.08 

219 

38.015 

5-73 

220 

36.867 

2.99 

.869 

3.05 

•905 

3-25 

37-957 

2.93 

No. 


221 
222 


223 
224 


225 
226 
227 

228 


229 


Ep. 


38.004 
.015 
.018 
.026 
-034 

38-015 

36.223 
.867 
.869 
.905 

37-957 
38.152 

38.018 

36.867 
.869 

-905 
37.812 

-957 
38.004 
.015 
.018 
.026 
■034 

36.869 

36.869 

36.867 

.869 

37-957 

38-034 

36.223 
.867 
.869 
•905 

37-957 
-990 
-993 

38.004 
.015 
.026 

•034 
.152 

38.018 


Mag. 


2.70 
3.02 
2.78 

3-07 
2.92 

5-45 

2.15 

2-37 
2.49 
2.60 
2.42 
2-34 

3-95 

2-57 
2.70 
2.68 
2.64 
2.70 

2.54 
2.77 
2.63 
2.84 
2.73 

3-74 

4-35 

3-13 
3-00 
3-04 
3-01 

2.02 
1.74 
1.90 
1.84 
1.64 
1-63 
1. 81 

1-94 
1.80 
1.84 
1.69 
1.86 

5-72 


No. 


230 


231 
232 


233 


234 
235 
236 

237 
238 

239 


Ep. 


36-535 
-905 

37.812 
•993 

38.018 

•034 
36.869 

36.223 
.867 
.869 
■905 

37-957 
.990 

•993 

38.004 

.015 

.026 

•034 
.152 

36.867 

9-05 

37.812 

•957 

38.004 

.018 

.026 

•034 
.149 

38.018 

37-993 

36.869 
37-957 

38.018 

36.869 
37-957 

36.223 
.867 
.869 
-905 

37.812 

-957 

.990 

38.004 

.015 


Mag. 

3-81 
4.22 
3.86 
3^34 
3^72 
4.07 

4.44 

2.09 
I.9S 
1-99 
1.96 

1-95 
1.98 
1.81 
2.01 
1.86 
1.96 
1.83 
1.98 

2.78 
2.89 
2.87 
2.82 
2.80 
2.71 
2.96 
2.82 
2.79 

5-72 

5.66 

3-88 
3-56 

5.09 

3^65 
3^66 

2.20 
2.44 
2.22 
2.47 
2.36 
2.26 
2.18 
2.42 
2.42 
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No. 

Kp. 

M.ig. 

No. 

Ep. 

Mag. 

No. 

Ep. 

Mag. 

240 

38.015 

3-96 

254 

37-272 
38.018 

4.48 
4-73 

271 

36.114 
.116 

0-43 
0.60 

241 

36-179 

4-33 

.179 

0-44 

-905 

4-50 

255 

36.179 

5.07 

•415 

0.41 

37.812 

4.50 

37-993 

5.28 

■535 

0.50 

-993 

4-52 

-905 

0.50 

256 

37.272 

3-89 

37-188 

0.44 

242 

36.869 
37-957 

3-94 

38.018 

4.42 

.812 
-957 

0.45 
0-44 

257 

38.018 

5-72 

990 

0.40 

243 

36.869 

3.16 

•993 

038 

•905 

3-36 

258 

38.015 

5.42 

38.015 

0.40 

37-957 

3.16 

.056 

0.44 

38.018 

3.06 

259 

37.272 

4-76 

.149 

0.41 

.026 

3-18 

38.018 

5-01 

-152 
-237 

0.41 
0.39 

244 

37-993 
38-015 

5.06 
4.86 

260 

37-993 

5.14 

.283 

0.48 

261 

37-993 

5.80 

272 

38.015 

5-99 

245 

38.015 

5-73 

262 

37-993 

5.00 

273 

37-993 

6.03 

246 

36-2?3 

1.40 

-993 

6.39 

.S67 

1.05 

263 

37-993 

5-83 

.869 

1-33 

274 

37-272 

5.00 

.905 

1. 12 

264 

37-993 

5-75 

37.812 

0.70 

275 

37-993 

5.69 

.812 

1.02 

265 

37.272 

4-48 

-957 

1.35 

276 

37-993 

6.36 

-993 

1.07 

266 

37-993 

5-62 

38.004 

I-13 

277 

37-272 

6.19 

.015 

1.28 

267 

36.867 

3.20 

-034 

1.22 

.869 

3.21 

278 

37-993 

5-69 

•152 

1.20 

-905 

3-09 

-237 

1. 14 

37-272 

2-94 

279 

38.015 

5-73 

-283 

1.27 

38.018 

2.92 

-034 

3-'7 

280 

37-993 

5-98 

247 

38.018 

4.87 

268 

36.223 

2.18 

281 

37-993 

6.01 

248 

36.905 

37.812 

4-87 
4.56 

.867 
.869 

2.16 
2.29 

38.015 

5-99 

-933 

5-18 

37-957 
-990 

2.32 
2.22 

282 

36.223 

.867 

2.16 
2.23 

249 

38-283 

2.22 

38.004 
-015 

2.48 
2.30 

38.015 
•034 

2.25 
2.27 

250 

36.869 

3-83 

.026 

2.30 

.152 

2.34 

37-957 

3-77 

■034 

2.31 

.286 

2.14 

251 

38.018 

4-99 

.149 

2.30 

283 

38-034 

5-31 

269 

37-272 

3-67 

284 

38-034 

4.26 

252 

38.018 

5.72 

270 

37-993 

5.85 

285 

36-179 

5-07 

253 

38-015 

5-73 

38-015 

4.82 
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No. 

Ep. 

Mag. 

No. 
296 

Ep. 

Mag. 

No. 

Ep. 

Mag. 

286 

38.034 

4-75 

38.026 

3.42  ■ 

308 

37^993 

5^72 

•034 

3.41 

287 

36.869 
■905 

3-45 
3-17 

.152 

3^38 

309 

38.015 

5-73 

37.270 

2.99 

297 

36.179 

5^52 

310 

36.179 

5.07 

.272 

3.36 

38.015 

4.60 

38.015 

5-49 

38.015 

3-37 

.152 

3-34 

298 

38.149 

4.29 

311 

38.015 

5-73 

288 

38-015 

5-73 

299 

37.272 
38.034 

3-76 
3-99 

312 

36.179 

5-52 

289 

36.116 

0.24 

313 

36.223 

2.16 

.179 

0.05 

300 

38.015 

5.73 

.867 

2.09 

.415 

O.IO 

.869 

2.07 

.905 

O.IO 

301 

36.223 

1.88 

.905 

2.12 

37-957 

0.06 

.867 

1.60 

37.272 

2-35 

.990 

O.IO 

.869 

1.70 

•957 

2.10 

-993 

0.08 

.905 

1.77 

•990 

2.10 

38-015 

0.07 

37.272 

1.88 

•993 

2.14 

.056 

0.07 

•957 

1.76 

38.004 

2.29 

.149 

O.IO 

•990 

1.84 

.015 

2.09 

-152 

0.06 

•993 

1.81 

.018 

1.90 

-237 

0.16 

38.004 

2.01 

.026 

2.12 

-283 

0.17 

.015 
.018 

1.74 
1.72 

-034 
.056 

2.08 
2.16 

290 

37.272 

5-86 

.026 
•034 

1-73 
1.74 

.149 
.152 

2.05 
2.18 

291 

37.272 

5.90 

.149 
•152 

1.80 
1.95 

-237 

2.14 

292 

37.272 
38.034 

3.62 
3-83 

302 

.237 
37.272 

1.86 
6.14 

314 

36-179 
38.015 

4.90 
5^73 

293 

37.272 

5-99 

!  315 

36-179 

4.90 

303 

37.272 

3.45 

38-015 

4.96 

294 

37.272 

6.17 

38.034 

3.75 

316 

36.179 

5.07 

295 

36.179 
.905 

3.17 
2.93 

304 

36.867 
.869 

3.27 
3-35 

38.015 

5-47 

37-270 

3-19 

37.272 

3-31 

317 

37.272 

4-55 

.272 

3.19 

38.026 

3-42 

.957 

3.28 

•034 

341 

318 

36-179 

4.90 

38.004 

2.97 

.149 

3-24 

.869 

4-05 

-015 

3.02 

38.015 

4^93 

•152 

3-09 

305 

36^i79 

5.52 

38.015 

5^73 

319 

36-179 

3-97 

296 

36-179 

3-47 

-905 

3^75 

•535 

3.03 

306 

36.867 

3.61 

37.812 

3^83 

.905 

3-05 

38-034 

4.60 

■993 

3^89 

37.812 

3-33 

.149 

4-39 

38.004 

3^83 

38.004 

3-70 

.015 

4.01 

.015 

3.26 

307 

38.015 

5.99 

.018 

3^91 

.018 

3.52 

.026 

3.68 
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No. 

Ep. 

Mag. 

No. 
331 

Ep. 

Mag. 

No. 

Ep. 

Mag. 

319 

38.034 

3-83 

36.223 

1.98 

344 

37-272 

5.37 

.149 

3.86 

.867 

1.82 

.152 

3-81 

38.004 
.034 

1.70 
2.16 

345 

37-272 
38.149 

3-99 
4.12 

320 

37-993 

6.41 

.286 

1.93 

346 

37.272 

6.02 

321 

38.115 

5-50 

332 

36.179 

5.52 

347 

37.272 

3-57 

322 

36.179 

5.52 

333 

37.272 

4.69 

348 

36-179 

5-52 

323 

36.869 
37-270 

2.82 
2.75 

334 

36.179 
38.015 

5-52 
5-73 

37.272 

4.84 

.272 

2.63 

349 

38-015 

5-99 

37-957 

2.64 

335 

37.272 

4.92 

38.015 

2.62 

350 

36.179 

4.25 

.026 

2.76 

336 

36.223 

1. 17 

.905 

4-31 

.149 

2.69 

.867 

1. 12 

37.812 

4.28 

.152 

2-58 

37-990 
■993 

1.27 
0.99 

•993 
38.015 

4.10 
4.21 

324 

36.179 
.905 

4-33 
4.02 

38.004 
-015 

0.97 
1.08 

■034 

4.16 

37.8:2 

4.06 

.018 

0.94 

351 

36.869 

3-30 

.993 

4-25   ! 

.034 

1.04 

37.272 

3-41 

38-152 

4.25 

.152 
.237 

1.08 
1.02 

38.149 

3.18 

325 

38-015 

5-73 

.283 

1. 01 

352 

36.179 

5-52 

326 

36-867 
.869 

2.65 
2.63 

337 

37-272 

5-30 

353 

36.179 
38.015 

4.90 
4.64 

37-957 

2-53 

338 

36-179 

5.76 

38-015 

2.52 

38.015 

5-99 

354 

37.272 

3.80 

.026 

2-53 

•034 

2-54 

339 

36.869 

4.17 

355 

38.015 

5.99 

.149 

2.56 

37-272 

3-71 

.152 

2.48 

38-149 

3-91 

356 

36.179 
38.015 

4.90 
5.00 

327 

36.869 

2.88 

340 

36-179 

5.76 

38.004 

3-23 

38-015 

5-99 

357 

36.179 

4.90 

.015 

3-07 

38-015 

4-77 

.018 

2.98 

341 

38-149 

4.88 

358 

36-179 

3-66 

328 

38.015 

5-73 

342 

37-272 

6.22 

38.015 
.026 

3-66 
3.60 

329 

36-179 

5-52 

343 

36.223 
.867 

1.69 
1-54 

-034 
,149 

3-75 
3.64 

330 

36.869 
37-270 

342 

3-43 

1 

37.993 
38.004 

1.51 
1.30 

.152 

3-57 

.272 

3-45 

■015 

1.54 

359 

36-179 

4.90 

.957 

3-34 

•034 

1.52 

38.015 

5-03 

38.015 

3.47 

1 

.149 

1-49 

.018 

346 

1 

.283 

1.56 

360 

37-993 

6.48 

.152 

3.43 
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No. 

Ep. 

Mag. 

No. 

Ep. 

Mag. 

No. 

Ep. 

Mag. 

361 

37.993 

6.06 

368 

38.237 

2.  II 

380 

36.905 

37.812 

4.35 
4.44 

362 

36.179 

5-07 

369 

36.179 
38-015 

5-07 
5.17 

38.026 
.152 

4.45 

3-95 

363 

36.116 

2.46 

.179 

2.40 

370 

37-993 

5.10 

381 

38.015 

5.73 

.867 

2.51 

38.015 

5.20 

.869 

2-35 

382 

37-812 

5-58 

37.270 

2.54 

371 

36-179 

5-76 

.272 

2.54 

383 

38.015 

5.99 

-957 

2.37 

372 

36.179 

4-33 

-990 

2.22 

-905 

4.40 

384 

36.230 

4.51 

38.015 

2.47 

37.812 

4.42 

•905 

4-56 

.018 

2.48 

.993 

4.57 

38.026 

4.78 

.026 

2.38 

38.015 

4.30 

•152 

4.61 

•034 

2.38 

.149 

2-45 

373 

36-179 

5.07 

385 

36-179 

4.25 

.152 

2.42 

38.015 

5.17 

.240 

4.10 

•237 

2.34 

.905 

3-95 

374 

38.004 

3-79 

37.812 
38.015 

4.22 

364 

36.867 

2.92 

4.11 

37.272 
38.149 

3-07 
2.96 

375 

36.179 

37-993 

5.76 
5.10 

386 

36.179 

38.015 

5.52 

.152 

2.82 

38.015 

5-20 

5-99 

365 

38.015 

5-73 

376 

36-179 
38.015 

5.76 

5-73 

387 

36.179 
38.015 

5-76 
5-99 

366 

38.149 

5.16 

377 

38-149 

4.07 

388 

38.004 

4-40 

367 

38-015 

5-73 

378 

36.116 

1.90 

389 

36.179 

5.76 

368 

36.116 
.179 
.223 

1.78 
1.88 
2. II 

.179 
.223 

•415 

1.96 
2.13 
2.02 

390 

38.004 

4.83 

•415 

1-95 

•905 

2.23 

391 

38-015 

5-36 

.867 
-905 

2.02 
2.12 

37-990 
-993 

2.13 
2.08 

392 

36-179 

5-52 

37.188 

1.76 

38.015 

2.04 

38.015 

5-38 

.270 

1.98 

.026 

2.04 

.270 

1.85 

■034 

1.88 

393 

36.179 

4.90 

.272 

2.06 

.056 

1-99 

38.015 

5-14 

•957 

2.03 

.149 

2.00 

.990 
•993 

2.05 
1.92 

.149 
■  152 

2.14 
2.08 

394 

37.272 
38.015 

4-35 
4.26 

38.004 

2.08 

-237 

2.08 

-034 

4-35 

.015 

1.98 

-237 

2.16 

.149 

4-77 

.026 

1.88 

•152 

4.51 

-034 

1.93 

379 

36.179 

4.90 

395 

36.179 

4-33 

-056 

1.80 

37.812 

5.51 

38.015 

4.52 

.149 

1.91 

-993 

4-96 

•  149 

1.97 

396 

36-179 

4-25 

.152 

2.02 

380 

36.230 

4-32 

38-015 

3-72 

208 


//'.  DOBKNCK 
TAHl.K   \\—Co»tinueJ. 


No. 

Ep. 

Mag. 

397 

38.004 

4-47 

308 

36.«79 

5-76 

38.015 

5.07 

399 

38.015 

5-99 

400 

36.179 

4.90 

401 

36.179 

5.76 

38.015 

5.73 

402 

37.272 

4.03 

38.015 

3.86 

.026 

4.02 

.149 

4.02 

•152 

4.10 

403 

36.179 

5.52 

404 

38,015 

5.27 

405 

36.179 

5.76 

38.015 

5.52 

406 

36.179 

4.90 

3S.015 

5.10 

407 

38.004 

3-37 

40S 

38.149 

4.94 

4oq 

36.116 

2.12 

.179 

2.28 

.223 

2.22 

.415 

2.15 

.905 

2.33 

37-993 

2.20 

38.004 

2.22 

.015 

2.14 

.018 

2.15 

.026 

2.19 

•034 

2.20 

.149 

2.14 

.149 

2.18 

.152 

2.24 

.237 

2.16 

410 

36.179 

4.33 

38.015 

4.48 

411 

36.179 

5.07 

No. 


411 
412 
413 

414 

415 
416 


417 
418 
419 
420 

421 

422 

423 
424 

425 

426 
427 

428 
429 


Ep. 


38.015 
3S.015 

37.272 

38.149 

•152 

36.179 

38.015 

36.179 
38.015 

38.004 
.018 
.152 
.283 
.286 

37.270 

38.015 

38.149 

36.179 

36.179 
38.015 

36.179 
38.015 

38.015 

38.015 

36.179 
38.015 

38.015 

36.179 
38.015 

36.179 
38.015 

36.179 
.240 
.905 


Mae. 

No. 

5.30 

429 

5-99 

430 

4.35 

4.45 

4.83 

5.52 

5-73 

5.52 

5-73 

3.02 

431 

3.12 

2.89 

432 

3-17 

3.02 

433 

5.21 

5.73 

434 

5.05 

435 

4.33 

5.52 

5.40 

5-76 

5-53 

5.73 

5.73 

5.76 

5-54 

5-99 

5.76 

5.99 

436 

4-33 

4.69 

437 

4.25 

4.19 

438 

4.19 

Ep. 


37.812 
38.015 

36.179 

.415 

37.270 

.993 
38.015 
.018 
.026 
.149 
.149 
•152 

38.026 

37.812 
38.026 

36.179 
38.015 

36.179 

36.116 
.179 
.223 
.415 
.905 

37.188 
.270 
.270 
.272 

.957 
.990 

•993 

38.004 

.015 

.026 

.034 
.056 

.149 
•152 
.237 

36.179 
38.015 

38.283 

36.116 
.179 


Mag. 


4.02 
4.34 

2.22 
2.21 
2.30 

2.55 
2.20 

2.32 
2.26 
2.20 
2.25 
2.29 

5.33 

5.00 
5.33 

3.89 

3-81 
4.33 

1.78 
1.81 
2.04 
1.88 
2.07 
1.76 
2.05 
2.08 
2.21 
1.86 
2.01 
1.97 
2.01 
1.92 
2.00 
1.83 
1.90 
i.b8 
2.05 
2.04 

4.90 
5.30 

3.03 

2.34 
2.34 
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No. 

Ep. 

Mag. 

No. 

Ep. 

Mag. 

No. 

Ep. 

-Mag. 

438 

36-413 
■415 

2.39 
2.32 

447 

36.415 
38.026 

3-34 
3-14 

465 

37.272 

5.96 

38.015 

2.72 

.149 

3-10 

466 

37-272 

5.14 

.026 

2.65 

•034 

2.64 

44S 

38.026 

5.58 

467 

37.272 

6.24 

.149 

2-33 

.152 

2.36 

449 

36.179 

5.07 

468 

36.179 

3-74 

•237 

2-34 

37.272 

4.08 

450 

37.272 

5-44 

.993 

4.88 

439 

38.026 

5-81 

451 

36.179 

4-33 

469 

37-993 

6.43 

440 

36-179 

5-52 

38.026 

5-33 

470 

38.149 

5.21 

441 

36.116 

2.76 

452 

37.272 

5-07 

•179 

2.72 

471 

37-993 

6.46 

•415 

2.72 

453 

37.272 

6.09 

38.015 

2.57 

472 

38.004 

4-95 

.026 

2.46 

454 

38.004 

4.18 

-034 

2.46 

.015 

3-91 

473 

37-272 

6.07 

.149 

2.72 

.149 

4.02 

.152 

2.78 

455 

38.018 

5-16 

474 

38.149 

4.50 

442 

36.223 
.867 

2.22 
1.88 

.149 

5.10   1 

475 

36.179 
•223 

1-55 
1.63 

37-993 

2.34 

456 

36.179 

5-07 

37-993 

1.70 

38.004 

1.78 

38.026 

1.80 

.015 

2.09 

457 

38.018 

5.16 

.056 

1.67 

.018 

2.07 

.149 

5-10 

.152 

1.64 

.026 

2.22 

•237 

1.67 

■034 

2.20 

458 

38.026 

5-81 

-283 

1.64 

.056 

2.12 

.149 

2.00 

459 

38.283 

3-07 

476 

38.026 

5-58 

.149 

2.10 

.152 

2.15 

460 

37.272 

5-78 

477 

37.272 

5.62 

.237 

2.08 

-237 

2.14 

461 

36.179 

3-68 

478 

38.026 

5-33 

.283 

2.03 

38.026 

3.98 

.286 

2.10 

462 

36.179 

3.28 

479 

37-272 

5-74 

443 

38004 

5-07 

.415 
38.015 

3.20 
2.87 

480 

37.272 

5.82 

444 

38.004 

4.72 

.026 
•034 

3.18 
3-" 

481 

37.272 
38.015 

4-29 
4-56 

445 

37.272 

4-13 

.149 

3-02 

.149 

4.18 

38.018 
.026 

3-86 
3-76 

.149 
.152 

3-14 
3-18 

482 

38.026 

5.81 

.149 

3-97 

483 

37.272 

6.05 

-152 

3-68 

463 

37.272 

5-56 

484 

36.179 

3-44 

446 

38.026 

5.81 

464 

38.004 
.149 

4-23 
4-23 

■415 
38.015 

3-38 
2.92 

447 

36.179 

3.31 

.026 

3-52 
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No. 

Ep. 

Mag. 

No. 

Ep. 

Mae. 

No. 

Ep. 

Mag. 

484 

38.034 
.149 

3.61 
3-4 « 

500 

36.179 

S.07 

508 

.38.149 
.152 

2.80 
2.82 

.149 

3.44 

501 

37.272 

4-24 

.237 

2.62 

48S 

36.179 
.415 

3-55 
3.60 

502 

36.179 

5-52 

509 

36.179 

S.52 

38.026 

3-34 

503 

36.179 

4.33 

510 

37-188 

3.01 

.034 

3.29 

.240 

4.19 

38.004 

328 

•  149 

3.30 

38.026 

4.30 

.015 

3-42 

.149 

332 

.152 

4-96 

.149 
.152 

3.02 
3.26 

486 

36.114 
223 

2.12 
1.96 

504 

36-179 

4.90 

.283 

3-12 

38.026 

2.30 

505 

36.179 

3-05 

5" 

36.179 

4.33 

.056 

2.06 

.415 

303 

.230 

4.46 

.152 

2.21 

38.026 

2.92 

38.026 

4.33 

•237 

2.14 

.149 

2.75 

.152 

4-03 

.283 

2.08 

.152 

2.97 

.286 

2.07 

.237 

2.87 

512 

38.004 
.149 

3-75 
3.80 

487 

38.?83 

2.99 

506 

36-179 

5-76 

.152 

3-68 

488 

36.179 

5-52 

507 

36.114 
.116 

1-75 
1.50 

513 

36.179 
38.026 

4.2s 
3-88 

489 

36.179 

5.07 

-179 

1-55 

.223 

1.48 

514 

38.004 

4.28 

490 

.36.179 
38.026 

5.76 
5-58 

.415 
.867 

1-55 
1.47 

.286 

4.13 

.905 

1-54 

515 

38.283 

2.44 

49  J 

38.004 
.149 

4.09 
3-97 

37.188 
.272 

1.48 
1.65 

.286 

2.39 

•957 

0.73 

516 

38.237 

1-93 

492 

38.149 

4.66 

.990 
.993 

0.65 
0.71 

.283 
.286 

1.86 
1-95 

493 

36.179 

4.25 

38.015 

0.81 

.230 

4.28 

.018 

0.72 

517 

38.026 

5.33 

38.026 

4.18 

.034 

0.80 

.056 

0.97 

518 

38.026 

5-58 

494 

36.179 

5-52 

.149 

0.83 

.149 

0.94 

519 

38.026 

5.81 

495 

36-179 

4-33 

.152 

0.80 

.237 

0.82 

520 

38.283 

2.97 

496 

36-179 
38.026 

5.07 
5.58 

.283 

1.38 

.286 

2.91 

508 

36-179 

2.81 

521 

38.026 

4.52 

497 

36.179 

3-52 

.415 

2.45 

•415 

3.56 

37-272 

2.80 

522 

38.026 

5'8i 

38.026 

3-95 

38.004 

2.88 

.015 

2.77 

523 

37-270 

4.61 

498 

37.272 

5-50 

.026 
.149 

2.76 
2.79 

38.004 
.149 

4-54 
4.56 

499 

38.026 

5.81 

.149 

2.91 
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No. 

Ep. 

Mag, 

No. 
546 

Ep. 

Mag, 

No. 

Ep. 

Mag, 

524 

36.179 

5.07 

37.270 

5.08 

562 

36.179 

4.90 

.240 

4.16 

5^5 

36-223 
38.283 

2.54 
2.60 

547 

36.179 

.415 

3-94 
3-90 

38.026 

4.78 

.286 

2.48 

38.026 

3-83 

563 

36.116 
,179 

2.76 

2-57 

526 

38.026 

5.81 

548 

36.179 
38.026 

4.90 
4.78 

-415 
-415 

2.67 
2.67 

527 

38.286 

3-39 

37.188 

2.52 

549 

36.179 

5-76 

38.026 

2.61 

52« 

38.149 

4.61 

38.026 

5.81 

.149 
.149 

2.85 
2.84 

529 

38.283 

3-45 

550 

36.223 
38.026 

1.92 
2.38 

-152 
.237 

2.70 
2.62 

530 

38.004 

3-49 

.056 

2.23 

.149 

3-47 

■237 

2.16 

564 

37-188 

3.97 

.149 

3-50 

•237 
•2S3 

2.23 
2.26 

.270 
38.004 

4.01 
4.62 

531 

36.179 

4-33 

.286 

2.30 

565 

36.415 

2.85 

532 

38.286 

3-70 

551 

36.179 
38.026 

5-07 

4-78 

37.188 
.270 

3.01 
2.80 

533 

38.004 

4.14 

.272 

2.88 

552 

37.270 

4.88 

38.004 

3,06 

534 

36.179 

5-52 

.026 

2.73 

38.026 

5-33 

553 

38.026 

5-81 

•149 
.152 

2.91 
3.01 

535 

38.026 

5-58 

554 

38.149 
.283 

3-74 
3-40 

-283 
.286 

2-93 
2.75 

536 

37.270 

3-71 

.286 

3-59 

38.149 

3-58 

1 

566 

36.179 

4.25 

555 

36.179 

5-52 

37.270 

4.23 

537 

36.179 

4.90 

38.026 

558 

567 

36.179 

5-76 

53« 

38.026 

5-58 

556 

38.004 

3-92 

568 

36.179 

3.21 

539 

38.026 

5.58 

557 

38.237 
.283 

2-34 
2.30 

.415 
37.188 

2.99 
3-43 

540 

36.179 
.415 

3-49 
3-29 

.286 

2-43 

.270 
■993 

3-25 
3-17 

38.026 

3-45 

558 

36-179 

5.07 

38.004 

3-19 

.149 

3.18 

.230 
38.026 

4.66 
4.37 

.026 
.149 

3-26 
3-o8 

541 

38.149 

5.00 

.152 

5.23 

•  149 
-152 

3-07 
3.26 

542 

38.283 

4-30 

559 

36.179 

5.07 

38.026 

5-33 

569 

■  36.223 

2.31 

543 

38.026 

5-58 

-415 

2.58 

560 

36.179 

5-52 

37-188 

2.42 

544 

1 

38.026 

5.81 

38.026 

5-58 

.270 
38.004 

2.50 
2.70 

545 

38.026 

5-58 

561 

36.179 

5-76 

.149 

2.59 

212 

li^.  DOBERCK 

1  AHl.K   11  —  Conduit  ed. 

No. 

Ep. 

Mag. 

No. 

581 

Ep. 

Mag. 

No. 

Ep. 

Mag. 

56q 

38.152 

2.65 

37-993 

1. 31 

588. 

36.415 

4.00 

.28-, 

2.69 

^8.004 

1.38 

38.026 

4.22 

.286 

2-57 

^    .015 
.018 

1.46 
1. 14 

.152 

4-33 

570 

36.179 

4.90 

.026 

1.50 

589 

37.188 

4.65 

3S.026 

4.78 

.034 
.056 

1.45 
1-36 

.270 

4-79 

571 

36.179 

4.25 

.149 

1. 21 

590 

36.223 

2.37 

.230 

4.60 

.149 

I.4I 

-415 

2.63 

38.026 

4.41 

.152 

I -3 1 

37.188 

2.52 

.152 

4.42 

•237 

1.36 

.270 
.272 

2.58 
2.72 

572 

38.283 
.286 

3.20 
3-09 

582 

38.026 

4.78 

38.004 
.149 

2.84 
2.69 

583 

36.179 

4.25 

.152 

2.62 

573 

36-179 

4.90 

37.270 

4-31 

.283 

2.56 

.240 

4-13 

.993 

5-32 

.286 

2.61 

38.026 

4.56 

38.026 

4.10 

591 

38.004 

5-67 

574 

36-179 

5.52 

584 

38.004 

5-67 

592 

36.179 

2.97 

575 

37.270 

3-56 

585 

36.223 

2.79 

.415 

3-07 

38.149 

3.82 

.415 

2.90 

37.272 

3.01 

.283 

3.55 

37.188 

2.75 

38.004 

2.65 

.286 

3.83 

.270 
3S.004 

2.66 
2.92 

.026 
.149 

3-03 
2.96 

576 

37.188 

5.41 

.149 

3.02 

.152 

2.86 

593 

36.179 

4.90 

577 

36.179 
.415 

3-82 
3.78 

.283 
.286 

2.91 
2.70 

.319 

5.04 

37.188 

3-77 

594 

36.116 

2.34 

.270 

3-86 

586 

36.116 

1.66 

.179 

2.16 

38.004 

4.00 

.179 

1.73 

.223 

2.45 

.026 

3.91 

.223 

1.84 

.316 

2.26 

.152 

4-33 

.415 
37.188 

1. 81 
1.94 

-319 
.322 

2.26 
2.18 

578 

36.179 

5-52 

.270 

1.90 

.415 

2.35 

38.026 

5-58 

.990 
.993 

1.89 
I  75 

-415 
37-188 

2.28 
2.15 

579 

38.149 

4.72 

38.015 
.026 

1.68 
1.65 

.270 
38.026 

2.35 
2.46 

580 

38.026 

5.58 

.034 
.149 

1.64 
1.68 

.149 
.149 

2.40 
2-33 

581 

36.114 

1. 18 

.149 

1.70 

.152 

2.34 

.116 

1.38 

•152 

1.76 

•237 

2.23 

•179 

1.22 

•237 

1-77 

.223 

1. 3 1 

.283 

2.14 

595 

38.004 

5-51 

■415 

1.22 

•434 

1.25 

587 

38.004  • 

5.51 

596 

36.223 

2.65 

.867 

1.26 

.415 

2.76 

37-188 

1. 19 

588 

36.179 

4.25 

37.188 

2.52 

.990 

1-47 

1 

.230 

4.18 

.270 

1 

2.66 
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No. 

Ep. 

Mag. 

No. 
606 

Ep. 

Mag. 

No. 

Ep. 

Mag. 

596 

37-272 

3-01 

38-237 

1.98 

625 

36.116 

3.06 

38.026 

2.17 

-283 

1-79 

.179 

2.89 

.149 

2.65 

.286 

1.90 

.316 

2.86 

.283 

2.84 

-319 

3.00 

.286 

2.65 

607 

37.270 

38-283 

3-48 
3-36 

.322 
.415 

2.87 
2.76 

597 

36.179 

5-52 

.286 

3-48 

37-I8S 
38.149 

3.13 
2.91 

598 

36.179 
•415 

3-24 
3-47 

608 

37.270 

5-65 

2.83 

2.89 

37.272 

3-13 

609 

38-237 

2.87 

626 

36.179 

4.90 

38.004 

3.10 

-283 

2.86 

.026 

3-49 

.286 

2.70 

627 

36-179 

4.90 

.149 

3.20 

•152 

3.22 

610 

36-179 
.230 

3-92 
4-23 

628 

36.114 
.116 

1.37 
1.22 

599 

36.179 

5-52 

.415 

3-82 

.179 

I-S4 

37.270 

5.49 

38.026 
.152 

4.14 
3-88 

.223 
.415 

1-31 
1-34 

600 

36.114 

1.94 

37-188 

1.41 

.116 

1.52 

611 

38-283 

2.79 

.272 

1.82 

.179 

1.64 

-993 

1.44 

.223 

1-75 

612 

37-993 

5.46 

38.018 

1.35 

.415 

1-73 

.056 

1.52 

.601 

1.67 

613 

37-993 

4.42 

-149 

1.47 

37.188 

1. 61 

.149 

1.50 

.990 

1.70 

614 

37-993 

4-37 

-237 

1-47 

•993 

1-58 

38.004 

1.62 

615 

37-993 

6.28 

629 

38.237 

2.14 

.015 

1. 61 

.283 

2.12 

.018 

1-54 

616 

37-993 

6.26 

.286 

2.18 

.026 

1-58 

•034 

1.58 

617 

37-993 

6.20 

630 

37-993 

6.24 

.056 

1.67 

.149 

1-57 

618 

36.179 

4-90 

631 

37-993 

4.71 

.152 

1-57 

•237 

1-57 

619 

37.993 

5-90 

632 

37-993 

5-92 

.283 

1.72 

620 

36.179 

5-52 

633 

36.319 

4.18 

601 

37-993 

5-49 

621 

36.179 

5-07 

37-993 

4.80 

602 

36.179 

4.90 

634 

37.270 

3-33 

622 

37.993 

6.30 

.272 

3-57 

603 

37-993 

4.92 

38-283 

3-27 

623 

37.270 

5.87 

.286 

3-23 

604 

36.179 

4-25 

-415 

3-96 

624 

36-415 

2-94 

635 

36.116 

2.56 

37.270 

4.16 

38.026 

3-30 

.179 

2.51 

38.026 

4.26 

.149 
.152 

3-1 1 
3-14 

.316 
•  319 

2.51 
2.47 

605 

36.179 

4-90 

.283 
.286 

3-15 

3-02 

.322 
•415 

2-47 

2.45 
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Na 

Ep. 

Mag. 

No. 

648 

Ep. 

Mag. 

No. 

Ep.     1 

Mag. 

635 

36-415 

2.36 

36.319 

5.46 

656 

38.056 

1. 18 

37.188 

2.42 

.149 

1-39 

38.149 

2.45 

649 

37.993 

6.10 

.149 

1-32 

•152 

2.39 

.152 

1.41 

.152 

2.55 

650 

36.116 

2.76 

•179 

2.66 

657 

37^993 

6.15 

636 

36179 

4-33 

.316 

2.74 

.319 

4.49 

■319 
.322 

3.00 
2.87 

658 

36.179 
37.993 

4.33 
4-75 

637 

36.179 

5.07 

.415 

2.56 

37-993 

5.88 

.415 
37.188 

2-49 
2.63 

659 

36.415 
38.149 

3-43 
3-36 

638 

36.319 

5.24 

.272 

2.38 

37-993 

6.17 

38.149 
•152 

2.55 
2.86 

660 

36.116 
.179 

2.24 
2.28 

639 

37-993 

6.22 

.223 

2.17 

651 

36.179 

5-52 

.316 

2.12 

640 

36.179 

3.63 

■  319 

2.03 

.316 

3.41 

652 

37.272 

2.96 

.322 

2-33 

■  319 

3-42 

38.283 

2.76 

.415 

2.27 

.322 

3-37 

.415 

2.23 

-415 

3-74 

653 

36.179 

3-84 

37.188 

2.10 

37-993 

3-34 

.316 

4.04 

.272 

2.15 

38.004 

3-58 

.319 

3-99 

38.056 

2.12 

-149 

3-52 

.322 
•415 

4.16 
4-05 

.149 
.283 

2.29 
2.26 

641 

36-179 

3.60 

37.993 

3-64 

.316 

3-30 

38.149 

3-73 

661 

37-993 

6.12 

•  319 

3-42 

-322 

3-37 

654 

36.179 

4-33 

662 

36-179 

5-52 

.415 

3-69 

-316 

4.14 

37-993 

3-49 

-319 

3-92 

663 

37-993 

6.50 

38.004 

3-53 

.322 

4.12 

.149 

3-55 

37-993 

4.66 

664 

37-272 

4.28 

642 

36.319 

4-40 

655 

36-179 
-319 

4-25 
4.92 

665 

37-993 

5-59 

643 

38.237 
.283 

2.16 
1.98 

37-993 

5-36 

666 

37-272 

4.16 

.286 

2.00 

656 

36.114 
.116 

1. 00 
1.04 

667 

36.114 
.179 

0.80 
0.96 

644 

36.179 

5-52 

.179 

1. 10 

.415 

0.80 

37-993 

6.08 

.415 
.434 

1.09 
1. 16 

37.188 
.272 

0.78 
0.79 

645 

.36.179 

4-33 

•535 

1. 15 

38.018 

0.84 

•  319 

4-44 

37-188 
.990 

1.27 
1-37 

•056 
.149 

0.74 
0.80 

646 

37-993 

6.10 

.993 
38.004 

1.24 
1.22 

-237 

.283 

0.70 
0.69 

647 

36-179 

4-33 

.004 

1.46 

-319 

4.87 

.018 
-034 

1-25 
1.38 

668 

36-179 
.316 

3-71 
3^83 
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No. 

Ep. 

Mag. 

No. 
682 

Ep. 

Mag. 

No. 

693 

Ep. 

Mag. 

668 

36.322 

3.77 

37.188 

0.63 

36.319 

2.84 

38-149 

3^58 

.990 
•993 

0.65 
0.61 

.322 
•415 

2-74 
3.12 

669 

36.179 

4-33 

3S.015 

0.63 

37.272 

3^04 

37-993 

4.62 

.018 
•034 

0.60 
0.64 

38.149 

2-93 

670 

38-283 

3-50 

.149 
.149 

0.63 
0.53 

694 

37.272 

5^45' 

671 

37.272 

4-49 

•152 
•237 

0.64 
0.55 

695 

36.116 
.179 

2.86. 
3-09 

672 

36-319 

5-27 

-316 

3.i9< 

683 

36-179 

3-35 

•319 

3-30 

673 

36.319 

4-54 

.415 
37.270 

3-47 
3-40 

-322 

.415 

3-25. 
3-47 

674 

36.179 
37.993 

5-52 
5-59 

38.149 
.152 

3.26 
352 

696 

38.149 
38.283 

3-22- 
2.14 

675 

36.319 

4-58 

684 

36-179 
.230 

4-33 
4.42 

.286 

2.10 

676 

36-179 

5-52 

697 

37.272 

6.11 

-319 

5-31 

685 

36.116 

2-56 

.179 

2.46 

698 

36.316 

3-98- 

677 

36.179 

5-52 

.316 

2-38 

•319 

4.12 

-319 

4.96 

•319 
.322 

2-47 
2-47 

.322 

4-03 

678 

36-179 
■319 

4.90 
4.76 

•415 
.415 

2.51 
2.41 

699 

37.272 

3-36 

37-272 

2.46 

700 

38.283 

3-31 

679 

38-283 

3-05 

38.149 

2.48 

.286 

2.86 

701 

36.319 

4-34 

686 

36-319 

4.24 

.322 

4.19 

680 

36.116 

2.76 

37.272 

4-34 

•179 

2.62 

687 

36-319 

4-29 

.316 

2.62 

.322 

4.20 

702 

36.316 

3-91 

•319 

2.68 

•322 

3-98 

.322 

2.60 

688 

37.272 

4-05 

.415 

3-86 

•415 

2.61 

37.272 

3^25 

.415 

2.54 

689 

38.237 

2.62 

37.272 

2.69 

•283 

2-39 

703 

36.179 

3-79 

38.149 

2.62 

.286 

2-34 

.316 
.319 

3^67 

3^54 

681 

36.319 
37.993 

4.62 
4^31 

690 

37^272 

3-80 

•322 

■415 

3-48 
3-64 

691 

36.319 

5.08 

38.149 

3-65 

682 

36.114 

0.61 

.116 

0.85 

692 

36.415 

2.81 

704 

36.319 

5-43 

.179 

0.65 

37.272 

3-04 

.223 

0  64 

38.283 

2.73 

705 

37.272 

4-85 

.415 

0.63 

•434 

0.75 

693 

36.116 

2.66 

706 

36.179 

5-52 

•535 

0.80 

-179 

2.85 

.601 

0.77 

-316 

2-97 

707 

36.179 

3-14 
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No. 

Ep. 

Mng. 

No. 
720 

Ep. 

Mag. 

No. 

Kp. 

Mag. 

707 

36.415 

3.20 

37.272 

4.10 

739 

36.319 

5-39 

37270 

3- J  I 

1 

38.149 

3.09 

721 

37.272 

3-71 

740 

37.272 

4-49 

.152 

3-05 

722 

38.283 

2.52 

741 

36-319 

5-35 

708 

36.179 

4.90 

.286 

2.26 

742 

35-537 

2.80 

709 

36.319 

3-84 

723 

35-537 

4-97 

37-272 

2-53 

.322 

4.0S 

37.272 

3.66 

38.149 

2.78 

710 

36.415 
37.272 

2.81 
?.oo 

724 

36.319 

5-12 

743 

36.319 
37.272 

4.80 
4-95 

38.283 

2.66 

725 

36.319 

5-19 

744 

35-537 

4.19 

711 

38.283 

3-27 

726 

37-272 

2.79 

' 

38.283 

2.82 

745 

35-537 

4.71 

712 

36.316 

3-49 

•319 

342 

727 

37.272 

3-42 

746' 

36.179 

4.90 

.322 

3.37 

38-152 

4.33 

.415 

3.47 

728 

37-272 

5-31 

37.272 

3.22 

747 

36.179 

4.33 

38.14-9 

3.62 

729 

37.272 

3-39 

748 

35-537 

5-05 

713 

36.179 

4.90 

730 

36.179 

2.93 

.415 

3-25 

749 

35-537 

4.28 

714 

36-316 

3.76 

37.270 

3.03 

.319 

3-75 

38-149 

3.12 

750 

35-537 

5-40 

.322 

3-91 

1.52 

3-01 

751 

35-537 

5-14 

715 

36.316 

3-58 

731 

37.272 

3-85 

•319 

364 

, 

752 

37-272 

2.88 

.322 

3-58 

732 

37.272 

4-49 

.415 

3-52 

1 

753 

35-537 

4.62 

37-272 

3-50 

733 

35-537 

4.10 

38.149 

3.60 

37.272 

4.21 

754 

37.272 

3-46 

716 

36.319 

5.00 

734 

37.272 

3-99 

755 

37-272 

3-76 

717 

36.179 
38.152 

4.90 
5-o8 

735 

37.272 

5-45 

756 

35-537 
37-270 

3.12 
2.87 

736 

35.537 

2.97 

.272 

3-19 

718 

36.116 
.179 

2.96 
3.01 

37.272 
38.149 

3-19 
2-95 

38.149 

3-34 

.316 

3.08 

757 

36-179 

4-25 

•319 

3.15 

737 

36.319 

3-75 

-230 

4-37 

.322 

3.00 

.322 

3-67 

.415 

3-16 

37.270 

3-63 

758 

37.272 

5.60 

37-272 

3.12 

38.149 

2.98 

738 

35-537 
36-434 

2.63 
2.42 

759 

35-537 

4.80 

719 

36.319 

5.16 

37-272 
38.149 

2.46 
2.52 

760 

37-272 

5.19 
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No. 

Ep. 

Mag. 

No. 
774 

Ep. 

Mag. 

No. 

Ep. 

Mag. 

761 

35-537 

1-49 

38-149 

2.41 

790 

38.149 

2.06 

36.114 

1.56 

•179 

1.44 

7:^5 

35-537 

3-81 

791 

37-272 

2.27 

-434 

1.42 

38.149 

3.00 

-535 

1. 41 

792 

36.601 

3-69 

.601 

1.29 

776 

35-537 

3.91 

37-188 

0.90 

793 

35-537 

2.63 

.272 

1.59 

777 

35-537 

4.01 

-540 

2-57 

38.149 

1. 21 

38.149 

3-69 

37.272 
38.149 

2-74 
2.82 

762 

35-537 

4-54 

778 

37-272 

5-05 

704 

35-537 

3-12 

763 

35-537 
37-270 

4-37 
4.46 

779 

37.272 

3-29 

38.149 

3-17 

.272 

4.66 

780 

36.601 

37.272 

2-52 
2.64 

795 

35-537 
.540 

3-38 
3-50 

764 

35-537 

5.22 

781 

35-537 

3-50 

38-149 

3-24 

765 

37.272 

3-89 

38.149 

3-39 

7q6 

36.601 

3.01 

766 

35-537 

4-88 

782 

37.272 

3-15 

797 

35-540 

3-37 

767 

37.272 

2.92 

783 

35-537 

5-32 

798 

36.601 

4.22 

768 

36.179 

4-25 

784 

36.601 

3-52 

799 

35-540 

3-50 

769 

35-537 

3.12 

785 

35-540 

3-29 

800 

35-540 

2.77 

37.270 

2-95 

38.149 

2.89 

36-541 

2-99 

.272 

3-19 

.601 

2.72 

38.149 

3-07 

786 

35-540 

3-50 

38.149 

3-41 

801 

36.601 

3-32 

770 

35-537 

4.46 

37.270 

4-53 

787 

35-540 

3-II 

802 

35-540 

2.08 

.272 

4.76 

38.149 

3-04 

36-434 
•535 

1.92 
2.21 

771 

36.601 
37-272 

2-59 

283 

788 

35-537 
38.149 

2-97 
3-05 

803 

.601 

35-540 

2.08 
3-78 

772 

36-179 

4.90 

789 

35-537 

1-85 

36-179 

2-03 

804 

35-540 

2.85 

773 

36.116 
.179 

2.02 
2.09 

•434 
•535 

1-75 
1.72 

36.601 

2.96 

.223 

2.14 

.601 

1.84 

805 

36.601 

5-17 

•415 

2.08 

38-149 

1.82 

•434 

2.00 

1 

806 

36.541 

3-98 

-535 

1.82 

790 

35-537 

2.16 

37.270 

2.20 

-540 

2.08 

38-149 

2.01 

36-179 

2.22 

807 

36.610 

.3-95 

-152 

2.12 

■434 

2.17 

-535 

2.28 

808 

36.434 

0,91 

774 

35-537 
-540 

2.38 
2.41 

.601 
37.272 

2.00 
2.01 

.601 

0.93 
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No. 

Ep. 

Mae- 

No. 
829 

Ep. 

Mag. 

No. 

Ep. 

Mag. 

809 

35-540 

3-43 

35-540 

5.08 

852 

37-590 

3.10 

36-541 

3-46 

.601 

3.56 

830 

35-540 

3-93 

853 

36-415 
-434 

2.23 
2.09 

810 

36.601 

4-39 

83' 

35-540 

4.67 

-535 
.601 

2.21 
2.16 

811 

35-540 

2.41 

832 

35.540 

4.22 

■  905 

2.02 

36-434 

2.26 

36.601 

4.63 

37-590 

2.34 

•535 

2.42 

.812 

1.87 

.601 

2.30 

833 

35-540 

4-94 

37-590 

2.14 

854 

36-535 

3.20 

834 

35-540 

4.02 

.541 

3.36 

812 

36.601 

5-71 

•  905 

2.97 

835 

36.601 

3.48 

37-590 

3.33 

813 

36.601 

3-78 

836 

36-541 

3-05 

855 

36-541 

3-51 

814 

35-540 
.601 

3-70 
3.64 

.601 
37-590 

2.90 
2.63 

856 

37-590 
36-434 

3.64 
J. 84 

815 

35-540 

5-69 

837 

35-540 

5.26 

857 

36.541 

3.78 

816 

36.601 

4-78 

838 

36-434 

1.50 

•535 

1.30 

858 

36.541 

4.03 

817 

35-540 

4-55 

.601 
37-590 

1. 19 
1-33 

37-590 

3.22 

818 

35-540 

2.57 

859 

37-590 

2.72 

30-541 

2.89 

839 

36.541 

3-82 

.601 

2.84 

840 

36.601 

4.01 

860 

36-541 

3.72 

819 

36.601 

4.50 

841 

35-540 

4-33 

861 

37-590 

3.58 

820 

35-540 

3-85 

862 

35.620 

4-43 

36.601 

4.08 

842 

35-540 

4-94 

863 

36.535 

2.49 

821 

35-540 

4.1 1 

843 

36.601 
37-590 

3.89 
4.02 

37.590 

2.44 

822 

35-540 

3-65 

S64 

37-590 

2.96 

36.601 

3.60 

844 

35-540 

4.94 

865 

35.620 

2.60 

823 

36.601 

3.24 

845 

35-540 

4.80 

36.535 
.541 

3.13 
3.20 

824 

36.601 

3-40 

846 

35-540 

4-94 

.905 
37.590 

3.21 
3.16 

825 

35-540 

4-45 

847 

35-540 

5.46 

.812 
-874 

3-43 
2.72 

826 

35-540 

4.11 

848 

36.541 

3-62 

866 

37-590 

5.00 

827 

35-540 

4.11 

849 

36.601 

3-40 

867 

35.620 

4-56 

828 

35-540 

2.99 

850 

37-590 

4.21 

36.541 

3-15 

1 

1 

868 

37-590 

2.80 

.601 

3.12 

1  851 

37-590 

3-53 
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No. 

Ep. 

Mag. 

No. 

Ep. 

Mag. 

No. 
906 

Ep. 

Mag. 

869 

37.590 

4.29 

889 

37-590 

4-33 

37-590 

4-93 

870 

35.620 

1.74 

890 

35.620 

2.10 

907 

37-590 

3-97 

36-434 

1-75 

36-434 

2.34 

•874 

3-44 

•535 

1.62 

•  535 

2.35 

.601 

1.76 

•905 

2.18 

908 

37-590 

4.86 

.905 

1.62 

37-590 

2.01 

37-590 

1.76 

•730 

I.81 

909 

35^620 

3.29 

.812 

1.65 

.812 
.874 

2.17 

1.88 

36-905 

3^92 

871 

37-590 

4-79 

910 

36.541 

3.88 

891 

37-874 

5-13 

-905 

3.87 

872 

37-590 

5-41 

892 

35.620 

5.12 

37-812 

3.91 

873 

35.620 

5.02 

893 

35.620 

5.08 

911 

37.590 

4-18 

874 

35-620 
36-535 

3.20 
2-94 

37-590 

4.14 

912 

37-590 

4-42 

•541 

2.95 

894 

35.620 

3.08 

913 

37-590 

4.60 

-905 

2-73 

36.541 

3-56 

37-590 

2.89 

.905 

3.61 

914 

35-620 

4-47 

.812 

3.18 

37-590 

3.48 

.812 

3-52 

915 

35.620 

4.52 

875 

37-590 

4.10 

895 

37-590 

4.06 

916 

37.732 

4-34 

876 

37-590 

5-34 

896 

37.590 

4.66 

917 

35.620 

4.90 

877 

37-590 

3-78 

897 

37.590 

3.88 

37.812 

4.74 

878 

36-541 

4-03 

918 

35-620 

4.60 

37-812 

4.16 

898 

37-590 
.874 

3-43 
2.83 

36.905 
37.812 

4.26 
4.59 

879 

37-590 

4.48 

899 

37-590 

4.73 

919 

37-732 

4.62 

880 

35.620 

4.16 

900 

36.434 

1.59 

881 

35-620 

4.21 

•535 
.601 

1-53 
1.50 

882 

37-590 

3-69 

-905 
37-590 

1.44 
1.48 

Unidentified  st 

ars 

883 

37-590 

5-28 

.812 

.874 

1.42 
1.48 

884 

37-590 

4-38 

901 

35.620 

4.07 

920 

37-874 

3.87 

885 

37.812 

5-65 

902 

37-590 

5-14 

921 

38.018 

6.08 

886 

37-590 

3-93 

903 

36.535 

2.62 

922 

36.179 

5.76 

887 

37-590 

5.21 

904 

36.535 

2.54 

923 

37-993 

6.32 

888 

36-541 

3-93 

905 

35.620 

4.12 

924 

35-540 

5.91 
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A   METHOD  OF  DETERMINING  THE  LUMINOSITY 
CURVE  OF  THE  SOLAR  SPECTRUM. 

By  D.    W.    MU  R  I'H  Y. 

A  STunv  of  the  relations  existing  between  the  intensities  of 
the  different  colors  of  which  the  spectrum  is  composed  may, 
from  the  nature  of  the  investigation  required,  be  classed  as  a 
physical  problem.  From  the  nature  of  the  question,  however, 
it  mav  be  said  to  border  uj)on,  if  not  to  belong  more  strictly  to, 
the  domain  of  modern  physiology.  In  a  certain  sense  the 
luminosity  curve  may  be  said  to  represent  the  distribution  of 
energy  in  the  spectrum,  the  energy  being  expressed  in  terms  of 
the  effects  produced  upon  the  special  sense  organs  of  sight. 
This  is,  however,  not  a  measure  of  energy  according  to  the 
phvsical  meaning  of  the  term,  and  results  thus  obtained  may, 
and,  as  we  well  know,  do  differ  very  widely  from  those  obtained 
by  measuring  the  energy  of  the  spectrum  in  terms  of  the  thermal 
effects  it  produces.  The  latter  may  be  said  to  represent  the 
total  energy  of  radiation,  and  is  capable  of  expression  in 
mechanical  units.  The  accuracy  of  such  measurements  depends 
upon  the  efficiency  of  the  apparatus  designed  to  receive  and 
record  the  ether  vibrations,  and  is  independent  of  any  pecul- 
iarities of  vision  which  the  observer  may  possess. 

The  results  of  observations  by  different  observers  have 
shown  that  the  relations  between  the  light-giving  powers  of  the 
different  colors  of  the  spectrum  are  not  the  same  when  judged 
by  different  individuals.  These  results  also  show  that  the  varia- 
tions are  not  great  except  in  cases  of  abnormal  vision. 

One  of  the  difficulties,  and  probably  the  greatest  one  in 
photometric  measurements  of  this  kind,  is  due  to  the  fact  that 
there  is  no  standard  of  comparison  of  different  colored  lights. 
The  somewhat  varving  results  which  have  been  obtained  for  the 
visual  intensities  of  the   different   parts  of   various  spectra  have 
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been  reached  by  more  or  less  modified  forms  of  two  fjuite  dis- 
tinct methods. 

One  of  these  methods  is  to  compare  the  different  colors 
with  a  source  of  light,  either  white  or  some  chosen  color,  and  to 
give  each  a  value  in  terms  of  this  as  a  standard.  The  other 
method  consists  in  allowing  the  different  colors  of  the  spectrum 
to  fall  upon  printed  characters  or  other  suitable  objects  placed 
upon  a  screen.  All  the  light  except  that  of  the  color  under 
consideration  being  excluded,  the  intensity  of  the  source  is  regu- 
lated until  the  characters  are  just  visible  to  the  observer.  From 
the  data  thus  obtained  the  relative  values  of  the  intensities  for 
the  different  colors  are  computed. 

For  the  above  described  methods  and  the  results  obtained 
by  them  we  are  indebted  to  the  works  of  Fraunhofer,'  Langley,^ 
Abney  and  Festing,^  Vierordt,"*  and  others. 

The  first  of  these  methods  involves  the  difificult  task  of  com- 
paring photometricallv  two  lights  of  marked  differences  in  color  ; 
while  the  second  measures  the  intensities  of  the  different  colored 
lights  by  the  amount  of  each  that  is  reflected  from  an  object 
whose  coefficient  of  absorption  for  different  wave-lengths  is  not 
known. 

The  following  method  for  determining  the  luminosity  curve 
of  the  solar  spectrum  was  suggested  to  me  by  the  consideration 
of  a  series  of  measurements  I  had  made  to  determine  the  errors 
in  the  use  of  the  bilateral  slit  as  a  means  of  varying  the  intensity 
in  spectrophotometric  measurements. 

The  method  consists  in  dividing  the  spectrum  into  a  large 
number  of  separate  and  adjacent  elements,  and  building  up  the 
curve  by  a  comparison  of  the  relative  intensities  of  these  ele- 
ments. Consider  the  spectrum  as  being  composed  of  n  very 
narrow  equal  areas,  and  let  the  values  of  the  light-giving  powers 
of  each  of  these  areas   be   denoted  by  Zj,  4,  i^  .   .   .   .  i„ .      If  the 

'  Fraunhofer,  Gesammelte  Schrifien,  Miinchener  Akademie,  1888. 
^  American  Journal  of  Science, Vo\.  136.     "Energy  and  Vision." 
^ Phil.  Trans.,  iTJ,  423. 
*  Annul.  Phys.  Cketn.,  137,  600. 
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I  ^    ^    '4 

values   ,  ,4  ,^  ■   • 

/,  /,  /,  ^,-. 


— ^  be  known,  the  value  of  the  intensity  of 

any  area,  as   the  rth,   is   found   in   terms  of  i,  and    is   expressed 

/'A/'.A/iij  ....  |^i^j  =  -T^.      By   giving    to    r  all   values   from 

unity  to  //,  this  expression  gives  the  values  of  the  ordinates  of 
the  curve  in  terms  of  some  particular  one  chosen  as  a  standard. 

The   values    -,-.   \^  etc.,    are    determined    photometrically   by 
/,    /,    / 

comparing  the  intensities  of  each  pair  of  adjacent  elements.  By 
thus  using  only  small  areas  of  the  spectrum,  the  difference  in 
color  of  the  two  lights  under  consideration  in  each  case  is  not 
great  and  does  not  interfere  with  accurate  settings  of  the  pho- 
tometer. 

The  necessary  apparatus  for  measurements  of  this  kind  is 
some  form  of  spectrophotometer,  which  allows  all  the  spectrum 
to  be  cut  off  except  the  narrow  area  whose  intensity  is  to  be 
measured.  The  adjustments  of  the  apparatus  must  also  allow 
an  element  of  one  spectrum  to  be  used  as  a  comparison  light  for 
the  other  spectrum,  both  when  the  two  spectra  are  exactly  super- 
posed, and  when  an  area  of  the  one  is  superposed  upon  the  cor- 
responding adjacent  area  of  the  other.  The  requirements  of  the 
instrument  are  fulfilled  in  the  Lummer-Brodhun  spectropho- 
tometer. The  adjustments  of  the  instrument  and  the  methods  of 
taking  the  observations  discussed   in  this  paper  were  as  follows  : 

The  instrument  was  so  placed  that  the  two  collimators  were 
equally  inclined  and  pointed  toward  o})en  sky.  No  screens  of 
any  sort  were  used  before  the  collimator  slit.  After  various 
preliminary  experiments  this  was  found  to  be  the  most  constant 
light  source  obtainable.  The  observations  were  made  during  the 
months  of  June  and  July,  when  the  sky  was  free  from  clouds, 
and  the  only  variation  in  intensity  was  that  due  to  the  changing 
position  of  the  Sun,  which  daring  the  time  required  for  any  set 
of  observations  was  so  small  as  to  be  negligible. 

The  width  of  the  collimator  slit  used  was  0.25  mm  ;  the  angle 
subtended  by  this  width  of  slit,  when  viewed  through  the  observing 


LUMINOSITY  CURVE  OF  SOLAR  SPECTRUM 


223 


telescope,  was  one  sixty-third  part  of  the  total  angle  of  dis- 
persion of  the  prism,  between  the  limits  within  which  it  was 
possible  to  work.  The  different  parts  of  the  spectrum  were 
brought  into  the  field  of  view  by  turning  the  telescope  about  the 
axis  of  the  instrument.  Collimator  A  (see  Fig.  i),  which  is 
movable  by  means  of  a  tangent  screw 
about  its  axis  0,  was  provided  with  a 
unilateral  slit  so  arranged  that  it 
opened  in  the  direction  from  the  red 
to  the  green  part  of  the  spectrum  ; 
that  is,  light  of  a  lesser  wave-length 
was  brought  into  the  field  when  the 
width  of  slit  was  increased.  Collima- 
tor B  is  rigid,  and  was  fitted  with  a 
bilateral  slit. 

The  observations  were  made  as  fol- 
lows :  first,  the  collimators  were  set  so 
that  the  two  spectra  were  exactly 
superposed,  and  the  fields  of  the  pho- 
tometer lighted  with  lights  of  the  same 
wave-lengths.  The  width  of  slit  of  A 
being  0.25  mm,  slit  B  was  changed 
until  the  fields  showed  equal  intensities.  Collimator  A  was 
then  turned  in  the  direction  of  the  green  part  of  the  spec- 
trum through  the  angular  width  of  the  slit,  and  the  fields  were 
again  brought  to  the  same  intensities  by  changing  the  width  of 
slit  A.  The  mean  values  of  the  series  of  readings  taken  in  this 
manner  gave  the  relative  intensities  for  these  two  elements  of 
the  spectrum.  The  telescope  was  then  turned  through  the  angle 
subtended  by  the  slit  width  of  0.25  mm,  adjustments  similar  to 
those  above  described  were  made,  and  a  second  series  of  read- 
ings taken.  The  data  thus  obtained  gave  the  relative  values  of 
the  intensities  of  the  second  and  third  areas. 

In  this  manner  the  entire  spectrum,  from  X6880  to  X,4500, 
was  examined.  The  value  of  the  intensity  in  the  region  X.6880 
I  have  called  unity,  and  have  given  the  values  of  the  intensities 


Fig.  I. 
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of    the    other    jjarts    of    the    spectrum    in    terms    of     this    as    a 

standard. 

TABLE  I. 


Scale  reading 

Intensity 

Scale  reading 

Intensity 

Scale  reading 

Intensity 

525 

1. 00 

630 

57.46 

735 

8.02 

30 

1-75 

35 

56.31 

40 

6.98 

35 

2.78 

40 

55-18 

45 

6.21 

40 

4-30 

45 

52-42 

50 

5.65 

45 

6.47 

50 

50.32 

55 

5.09 

50 

9-32 

55 

48.31 

60 

4.73 

55 

12.57 

60 

45.90 

65 

4.40 

60 

16.48 

65 

43.14 

70 

4.00 

65 

20.92 

70 

40.55 

75 

3-64 

70 

25.32 

75 

37.31 

80 

3.24 

75 

29.62 

80 

34.32 

85 

2.92 

80 

33-77 

85 

31.24 

90 

2.65 

85 

37.48 

90 

28.12 

95 

2.44 

90 

40.11 

95 

25.02 

800 

2.25 

95 

42.91 

700 

21.77 

05 

2.09 

600 

45-92 

05 

18.94 

10 

1.94 

05 

49-13 

10 

16.29 

15 

I.8I 

10 

52.08 

15 

14.01 

20 

1.66 

15 

54.16 

20 

12.05 

25 

1.56 

20 

56.33 

25 

10.36 

30 

1.44 

25 

57-46 

30 

9.01 

35 

1.37 

TABLE  IL 


Wave-length 

Intensity 

Wave-length 

Intensity 

Wave-length 

Intensity 

6880 

1. 00 

6000 

40.70 

5200 

31.24 

6800 

1.75 

5900 

46.62 

5100 

18.94 

6700 

3.08 

5800 

52.88 

5000 

12.05 

6600 

5-17 

5700 

56.90 

4900 

6.98 

6500 

8-75 

5600 

56.90 

4800 

4.73 

6400 

14.24 

5500 

52.42 

4700 

3.00 

6300 

20.92 

5400 

47.30 

4600 

1.94 

6200 

27.92 

5300 

40.55 

4500 

1.37 

6100 

33-77 

The  results  of  the  observations  are  given  in  Table  I,  the 
values  of  the  intensities  in  the  second  column,  the  scale  readings 
of  the  instrument  for  the  regions  of  the  spectrum  having  these 
intensities,  directly  opposite  in  the  first  column.  These  results 
are  shown  graphically  by  the  curve  (Fig.  2).  This  is  the  form 
of  the  luminosity  curve  of  the  solar  spectrum  for  the  particular 
prism  used. 
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F         h  E 
Fig.  3. 

From  the  dispersion  of  the  prism,  together  with  the  intensities 
given  above,  the  results  shown  in  Table  II  are  obtained.  The 
first  column  represents  the  wave-lengths,  the  second  the  corres- 
ponding intensities.  The  curve  obtained  from  these  data  is 
shown  in  Fig.  3.  It  shows  the  form  of  the  luminosity  curve  for 
the  normal  solar  spectrum. 

Stanford  University, 
January  1900. 


SOME  SPECTROGRAPHIC  RESULTS  OBTAINED  AT 
THE  INDIAN  ECLIPSE  BY  THE  LICK  OBSERVA- 
TORY-CROCKER   EXPEDITION. 

By    W.    W.    C  AMI' B  EI.  I.. 

One  of  the  instruments  used  by  the  Lick  Observatory- 
Crocker  Eclipse  Expedition  to  India  was  an  objective-grating 
spectrograph.  It  was  designed  for  recording,  continuously,  on 
a  moving  plate,  the  changing  spectrum  of  the  Sun's  edge  at  con- 
tacts II  and  III,  as  the  edge  was  gradually  covered  and  uncov- 
ered bv  the  Moon's  image  ;  and  for  recording,  during  totality, 
on  a  fixed  plate,  the  spectrum  of  the  corona  in  the  1474  K  region, 
and  especially  the  monochromatic  1474  AT  ring. 

The  constants  of  the  instrument  were  as  follows  : 

A  Rowland  plane  metallic  grating,  14438  lines  to  the  inch, 
ruled  surface  2y^g  X  3^\  inches,  third  order,  placed  about  five 
inches  in  front  of  the  camera  oI)jective. 

Camera  objective  a  visual  double  lens  of  very  ordinary  merit, 
aperture  23^  inches,  focal  length  2of  inches. 

Angle  between  the  central  ray  incident  on  the  grating,  and 
the  diffracted  ray  passing  along  the  axis  of  the  camera,  40°. 

Center  of  the  field  at  1474  K,  at  which  point,  i  mm  of  the 
spectrum  equals  7.2  t.  m. 

Width  of  spectrum  corresponding  to  the  Sun's  diameter,  0.20 
inch. 

A  very  light  plate-holder  of  brass,  containing  a  Cramer 
isochromatic  plate  2i  X  7  inches,  was  arranged  to  move  length- 
wise in  a  direction  at  right  angles  to  the  length  of  the  spectrum, 
in  a  brass  shield  or  slide  of  twice  the  extreme  length  of  the 
plate-holder.  Sensibly  uniform  motion,  at  the  rate  of  y'g  inch 
per  second,  was  imparted  to  the  plate-holder  by  a  small  common 
clock-train  propelled  by  a  weight.  The  sensitive  j^late  was 
mounted   as    near   the   front   surface    of  the    plate-holder  as  was 
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consistent  with  good  construction.  Immediately  in  front  of  the 
plate-holder,  in  contact  with  it,  was  a  thin  slide  of  brass  contain- 
ing a  slit  ^V  inch  wide  and  2\  inches  long,  adjusted  to  coinci- 
dence with  the  axis  of  the  spectrum.  A  color-screen  of  optical 
glass,  stained  greenish-yellow,  was  fixed  in  front  of  this  slit,  to 
absorb  the  violet  of  the  overla[)ping  4th  order  spectrum.  The 
slit  could  be  removed,  in  an  instant,  by  withdrawing  the  slide 
containing  it;  in  which  case  no  obstruction  was  offered  to  the 
green  rays  from  any  part  of  the  coronal  image. 

The  grating,  brass  camera  tube,  and  plate-holder  arrange- 
ments, were  supported  in  a  wooden  mounting,  constructed  by  the 
Observatory  carpenter  from  my  plans.  The  instrument  was 
mounted  on  a  large  polar  axis,  in  such  a  position  that  the  rulings 
of  the  grating  were  parallel  to  the  Sun's  limb  at  the  points  of 
second  and  third  contacts. 

Three  exposures  were  made  as  follows  : 

A.  The  plate-holder  was  set  in  motion  by  the  clock-train, 
and  an  exposure  made  from  20  seconds  before  totality  to  5  sec- 
onds after  contact  II.  The  source  of  light  was  the  central  -^^ 
inch  length  of  the  uneclipsed  crescent. 

B.  The  plate-holder  was  moved  forward  \  inch,  and  firmly 
clamped.  The  brass  slide  containing  the  3V  inch  slit  was 
removed  from  in  front  of  the  plate,  and  a  96-second  exposure  on 
the  corona  spectrum  was  obtained,  extending  from  12  seconds 
after  II  to  12  seconds  before  III. 

C.  The  plate-holder  was  undamped  and  set  in  motion,  the 
3^^  inch  slit  was  replaced  in  front  of  the  plate,  and  an  exposure 
was  made  from  5  seconds  before  III  to  16  seconds  after  III. 
The  source  of  light  was  the  central  -^^  inch  length  of  the  reap- 
pearing crescent. 

The  available  portion  of  the  photograph,  covering  the  region 
XK  5150 — 5500,  is  nearly  two  inches  in  length  ;  but  as  the  lens 
is  a  very  common  one,  of  small  field,  the  definition  at  the  ends 
of  the  spectrum  is  necessarily  poor. 

The  negative,  which  was  fully  developed,  was  found  on 
examination   to  come   up  to   expectations.     The   measurements 
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and  Ihe  detailed  discussion  of  the  plate  will  be  contained  in  an 
eclipse  rej)ort,  but  its  main  features  will  be  described  below. 

At  the  beginning  of  exposure  A,  20  seconds  before  totality, 
the  negative  is  strongly  overexposed,  as  was  anticipated,  but  the 
Fraunhofer  lines  are  satisfactorily  recorded,  essentially  with  their 
usual  intensities.  The  transition  from  dark  lines  to  bright  lines 
is  well  shown,  and  at  this  point  many  interesting  features  appear. 
Before  the  continuous  spectrum  ceased  recording,  many  of  the 
dark  lines  seem  to  have  disappeared,  or  at  least  their  intensities 
relative  to  the  strength  of  the  continuous  spectrum  have  varied 
grcatlv.  In  some  cases,  e.  g.,  at  \5430,  the  interval  between  a 
disappearing  dark  line  and  its  corresponding  bright  line  seems 
to  be  strictly  continuous  spectrum.  In  numerous  other  cases 
the  dark  lines  and  their  bright  counterparts  coexist,  apparently 
until  the  continuous  spectrum  becomes  too  weak  to  record  itself 
as  the  necessary  background  for  the  dark  lines.  The  relative 
intensities  of  the  dark-line  and  bright-line  spectra  show  marked 
anomalies  at  many  points.  The  1474  K  line  at  the  center  of  the 
plate,  and  the  b  group,  near  the  edge  of  the  plate,  are  ^the 
briofhtest  lines  recorded.  Thev  are  of  the  same  order  of  bright- 
ness,  with  perhaps  the  b  lines  the  stronger,  though  the  serious 
aberration  effects  at  the  edge  of  the  plate  do  not  permit  photo- 
metric comparisons  to  be  made.  The  1474  K  line  is  recorded 
many  seconds  before  the  bright  b  group  appears  at  all,  whereas 
the  b  group  persists  long  after  the  1474  K  has  disappeared. 
Without  question,  the  b  radiations  proceed  from  a  higher  level 
in  the  solar  atmosphere  than  do  the  1474  K  radiations.  Simi- 
larly, the  lines  E,  and  E,  at  \A.527i  and  5270  are  comparable 
in  brightness  to  the  bright  lines  at  XX  5276  and  5284.  The  last 
two  begin  long  before  the  E  lines,  but  the  E  lines  persist  after 
XX  5276  and  5284  have  ceased  to  record  themselves.  There  are 
many  other  cases  equally  marked.  These  phenomena  of  the 
dark  and  bright  lines  can  scarcely  fail  to  be  of  profound  sig- 
nificance in  the  study  of  conditions  existing  at  the  Sun's  edge. 

About  125  bright  lines  are  recorded  in  this  section,  of  350 
tenth-meters.    Thev  are  very  closely  related  to  the  chromospheric 


SPECTROGRAPHIC  RESULTS  AT  INDIAN  ECLIPSE     229 

system  of  bright  lines,  as  observed  without  an  eclipse  by  Pro- 
fessor Young,  at  least  so  far  as  their  wave-lengths  are  con- 
cerned. The  intensities  in  many  cases  are  quite  different;  but 
perhaps  the  chromospheric  bright-line  intensities  vary  widely  at 
different  times.  It  would  have  been  exceedingly  valuable,"  I 
think,  to  have  had  the  chromosphere  spectrum  at  the  points  of 
second  and  third  contacts  observed  simultaneously,  in  the  ordi- 
nary manner,  at  stations  outside  the  line  of  totality,  for  comjjari- 
son  ;  and  it  seems  desirable  that  such  observations  should  be 
secured  at  some  of  the  observatories  at  the  time  of  the 
I  goo  May  ecli[)se.  If  the  observations  are  undertaken  with 
large  telescopes  and  powerful  spectrographs,  under  favorable 
atmospheric  conditions,  it  may  be  found  that  the  chromo- 
sphere spectrum  as  observed  at  home  stations  is  essentially 
identical  with  the  bright-line  spectrum  of  the  Sun's  edge  as 
observed  at  eclipse  stations.  Whether  the  results  of  the  investi- 
gations made  outside  and  inside  the  eclipse  path  should  prove 
to  be  identical  or  quite  different,  the  importance  of  the  home 
observations,  even  if  only  partially  successful,  would  in  either 
case  be  very  great. 

The  exposure  C  reproduced  the  above  phenomena,  in  reverse 
order,  at  contact  III. 

The  great  strength  of  the  calcium  spectrum  is  shown  by  the 
fact  that  the  H  and  K  lines  in  the  4th  order  spectrum,  after 
passing  through  the  color-screen,  recorded  themselves  faintly, 
and  out  of  focus,  on  these  photographs. 

I  wish  to  call  special  attention  to  one  feature  of  this  photo- 
graph which  may  be  of  great  interest.  In  many,  but  not  all,  of 
the  cases  where  dark  and  bright  lines  coexist,  the  bright  lines  do 
not  have  the  same  wave-lengths  as  the  corresponding  dark  lines. 
The  dark  lines  seem  to  be  displaced  toward  the  violet  by  as 
much  as  four  or  five  tenths  of  a  tenth-meter;  and,  in  the  case  of 
the  b  and  E  groups  of  lines,  possibly  a  little  more.  This  effect 
is  confined  almost  wholly  to  exposure  A  at  contact  II.  Except 
in  the  case  of  the  b  group,  it  does  not  appear  with  certainty  on 
exposure  C,  at  contact  III.      I  have  endeavored,  for  many  months, 
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to  explain  this  appearance  as  an  instrumental  effect,  without 
success.  It  it  is  ])urelv  instrumental,  should  not  the  effect  be 
essentially  identical  at  the  two  contacts  ?  If  it  is  due  to  a  faulty 
placing  of  the  crescents  on  the  slit  in  front  of  the  plate,  so  that 
the  spectral  lines  were  not  parallel  to  the  direction  of  motion  of 
the  plate,  it  seems  to  me  that  at  II  the  dark  lines,  if  shifted  at 
all,  should  be  shifted  toward  the  red,  and  at  III  toward  the  vio- 
let. Further,  another  photograph  obtained  on  a  moving  plate, 
in  the  same  manner,  with  a  collimating  spectrograph,  slit  radial, 
shows  the  same  effect  for  the  lines  H<^  and  //8,  at  both  II  and 
III.  This  negative,  obtained  with  a  very  narrow  slit,  is  under- 
exposed, as  was  feared  might  be  the  case,  and  shows  only  the 
strongest  of  the  bright  lines.  Its  evidence  supports  the  view 
that  the  displacement  of  the  dark  lines  on  the  objective-grating 
plate  represents  a  real  phenomenon. 

Assuming  the  reality  of  the  displacement,  we  naturally  con- 
sider its  significance  from  the  point  of  view  of  the  effect  of 
pressure  upon  wave-length.  If  this  is  a  pressure  effect,  we  con- 
clude that  the  predominating  absorption  stratum  for  these  lines 
is  above  the  predominating  radiation  stratum.  Whether  this 
effect  is  general  over  the  Sun's  surface,  or  is  purely  local,  and 
confined  to  certain  lines,  seems  to  be  immaterial,  so  far  as  the 
interpretation  of  these  particular  observations  is  concerned ; 
provided  the  pressure  in  the  solar  atmosphere  increases  toward 
the  Sun's  center.  As  to  whether  the  "  pressure  effect,"  as  a 
means  of  investigating  the  relative  sources  of  absorption  and 
radiation  spectra  at  the  Sun's  edge,  could  be  utilized  without  an 
eclipse,  by  means  of  large-scale  apparatus,  is  a  question. 

The  disappearance  of  the  dark-line  spectrum  before  the 
bright-line  spectrum  (at  contact  II)  is  due  in  part  to  the  fact 
that  dark  lines  require  a  continuous-spectrum  background  on 
which  to  manifest  themselves.  The  continuous  spectrum  is 
weakened  by  the  high  dispersion  necessarily  employed,  whereas 
the  monochromatic  bright-lines  are  not.  This  fact  must  be  taken 
into  account,  both  in  designing  the  observer's  instrument,  and  in 
discussing  the  results. 
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While  I  believe  in  the  reality  of  the  appearance  described 
above,  the  necessity  for  abundant  confirmation  is  conceded,  and 
urged.  It  is  only  after  long  hesitation  and  delay  that  this  brief 
and  guarded  discussion  of  this  feature  of  the  photograph  is  ven- 
tured ;  and  further  discussion  of  the  matter,  considering  it  either 
as  a  reality,  or  as  an 
instrumental  effect,  will 
be  welcomed   by  me. 

Owing  to  the  strong 
overexposure  of  one 
part  of  the  plate,  and 
underexposure  of  an- 
other part,  it  is  unfor- 
tunately not  suitable 
for  mechanical  repro- 
duction. 

The  exposure  B, 
with  fixed  plate  and  slit 
removed,  for  recording 
the  coronal  spectrum  in 
the     region    XX,    5150- 

5500,  was  successful.  The  green  coronal  ring  at  X  5303  was 
recorded  as  an  elliptical  ring,  whose  axes  are  0.2  and  0.3  inch 
in  length,  respectively.  This  ring,  first  converted  by  projection 
into  circular  form,  is  reproduced  in  the  accompanying  illustration. 

I  have  already  described  this  ring  as  "extremely  irregular  in 
form"  (this  Journal,  10,  190).  In  parts  of  it,  the  photographic 
impression  is  so  feeble  as  to  be  scarcely  traceable,  whereas  the 
inner  portions  of  the  three  principal  masses  are  fully  exposed. 
The  grouping  of  these  masses  somewhat  symmetrically  with 
reference  to  the  Sun's  equator,  and  near  the  inner  edges 
of  the  Sun-spot  zones,  is  of  the  highest  interest.  Placing 
this  drawing  of  the  "coronium"  ring  on  the  negatives  of  the 
inner  corona  secured  with  the  40-foot  camera,  there  is  found  no 
evidence  of  any  connection  of  these  masses  with  the  promi- 
nences, nor  with  the  interesting  curved  coronal  streamers  which 
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form  an  enclosing  hood  around  the  principal  prominences,  nor 
with  any  of  the  main  features  of  the  inner  corona.  Likewise,  if 
the  ft)ur  coronal  extensions  be  carried  back  to  the  Sun's  limb, 
the  coronium  masses  do  not  seem  to  lie  exactly  at  their  bases. 
Nevertheless,  it  seems  probable  that  they  must  be  near  the  prin- 
cipal seats  of  coronal  activity.  It  would  be  interesting  to  know 
whether  these  forms  are  shown  unchanged  in  the  photographs  of 
the  coronal  rings  near  \  4J3  and  >.  399,  secured  by  other 
parties. 

Although  the  high  dispersion  employed  was  calculated  to 
reduced  the  strength  of  the  continuous-spectrum  background, 
this  was  still  very  strong.  The  source  of  the  continuous  spec- 
trum had  the  same  form  as  the  monochromatic  ring  at  X  5303. 
Each  of  the  prominences  in  this  ring  has  a  strong  band  of  con- 
tinuous spectrum,  of  corresponding  intensity,  passing  immediately 
through  it. 

The  rulings  on  the  grating  were  parallel  to  the  line  drawn 
from  N.  25°  \V.  to  S.  26°  E.  The  continuous  spectrum  along  the 
tangents  to  the  ring  at  these  points  was  exceedingly  strong,  for 
obvious  reasons,  making  it  impossible  to  observe  the  details  of 
the  ring  within  some  20°  of  these  points. 

It  is  scarcely  necessary  to  say  that  with  prismatic  dispersion 
the  image  of  the  ring  would  have  been  brighter  than  with  the 
grating;  and  no  doubt  its  recorded  extent  would  have  been  con- 
siderably greater. 

With  the  collimating  spectrograph,  slit  radical,  referred  to 
above,  an  exposure  of  i"  36*  on  the  coronal  spectrum  was  made 
on  a  fixed  plate.  The  continuous  spectrum,  from  \\  3800  to 
4500,  was  recorded  out  to  a  distance  of  5^'  on  the  east  limb, 
and  4^'  on  the  west  limb.  There  is  no  evidence  whatever  of 
any  dark  lines,  though  the  conditions  for  detecting  them  could 
scarcely  be  appreciably  better.  A  bright  line  of  considerable 
strength  af  \  3987.2  and  another  at  X  423 1  seem  to  be  of  coronal 
origin;  but  the  evidence  of  objective-prism  photographs  should 
be  of  greater  weight  in  deciding  this  question.  The  usual 
.hydrogen  and  calcium  lines,  of  great  intensity,  were  present. 
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The  writer  is  aware  of  the  incompleteness  of  the  foregoing 
discussion.  Especially  is  it  incomplete  in  reference  to  the 
period  of  transition  from  dark  lines  to  bright  lines,  and  the 
bearing  of  the  evidence  ujion  the  question  of  a  reversing  layer. 
But  in  view  of  the  extreme  difficulty  of  the  subject,  further 
observations  may  with   propriety  precede  the   fuller  discussion. 

Lick  Observatory,  University  of  California, 

March  17,  I  goo. 
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SPECTROSCOPIC  NOTES. 

ABSOLUTE  WAVK-LENGTHS,  SPECTROSCOPIC  DETERMI  NATIONS  OF  MOTIONS 
IN    THE    LINE    OF    SIGHT,    AND    OTHER    RELATED    SUBJECTS. 

In  the  November  number  of  the  Astrophysical  Journal,  Profes- 
sor Edwin  B.  Frost  has  a  note  upon  "Corrections  to  Determinations 
of  Absolute  Wave-length,"  in  which  he  states  that  the  effect  of  the 
rotation  of  the  Earth  upon  its  axis,  and  the  eccentricity  of  the  Earth's 
orbit,  (with  the  resulting  motion  of  the  observer  in  the  line  of  sight), 
upon  the  wave-length  of  the  lines  of  the  solar  spectrum,  seems  never 
to  have  been  taken  into  account. 

In  the  paper  bv  Louis  Bell  on  "The  Absolute  Wave-length  of 
Light,'"  he  concluded  that  any  correction  due  to  these  sources  would 
be  so  small  as  to  be  negligible,  especially  when  compared  with  those 
arising  from  other  sources  of  error. 

Professor  Henry  A.  Rowland,  in  his  paper  on  "  The  Relative  Wave- 
length of  the  Lines  of  the  Solar  Spectrum, "^^  took  Bell's  value  for  D,  as 
his  standard  of  reference,  and  in  his  "New  Table  of  Standard  Wave- 
lengths "^  took  this  value,  and  after  applying  a  slight  correction  to  it 
compared  it  with  other  values,  weighted  them  all  and  took  the  mean  as 
his  final  standard  of  reference.  In  a  paper  by  myself  on  "The  Coin- 
cidence of  Solar  and  Metallic  Lines," •*  the  differences  in  wave-length 
of  a  number  of  solar  and  metallic  lines  were  given,  but  these  were  not 
corrected  for  motion  in  the  line  of  sight,  as  sufficient  data  were  not  to 
be  obtained  from  the  plates  from  which  the  greater  part  of  the  meas- 
urements were  made,  although  the  effect  produced  was  fully  recog- 
nized. However,  in  a  preliminary  paper  on  "The  Rotation  Period  of 
the  Sun  and  other  Phenomena  of  the  Solar  Atmosphere,"  prepared 

•Louis  Bell,  "On  the  Absolute  Wave-length  of  Light,"  American  Journal  of 
Science,  March  1887. 
"Ibid. 

^Astronomy  and  Astro-Physics,  12,  321. 
<This  Journal,  February  1896. 
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for  the  Harvard  Astrophysical  Conference  in  1898,'  the  effect  of  motion 
in  the  line  of  sight  of  the  observer  and  apparatus,  caused  by  the 
eccentricity  of  the  Earth's  orbit  and  the  rotation  of  the  Earth,  was 
carefully  allowed  for.  The  values  of  these  factors  were  calculated  for 
the  latitude  of  Baltimore  and  the  effect  of  the  motion  due  to  both  causes 
was  easily  detected  in  my  measurements.  The  paper  was  a  prelimi- 
nary report  on  an  investigation  which  had  been  made  in  1896  and  1897 
and  the  reductions  of  which  had  been  partially  completed.  For 
several  reasons  it  has  been  necessary  to  postpone  the  completion  of 
the  work,  but  I  am  engaged  upon  it  and  expect  to  have  it  ready  for 
publication  shortly.  The  values  due  to  motion  were  carefully  calculated 
and  diagrams  made  for  applying  the  reductions  graphically. 

These  diagrams  were  used  in  the  tables  of  "The  Arc  Spectrum  of 
Vanadium"  by  Professor  H.  A.  Rowland  and  Caleb  B.  Harrison-  and 
were  also  used  in  the  tables  of  "The  Arc  Spectra  of  Titanium  and 
Manganese,"  by  the  same  authors,  which  are  soon  to  be  published  in 
this  Journal. 

Professor  Frost  lays  rather  too  much  stress  upon  the  absolute  wave- 
lengths. The  values  of  Bell  did  not  pretend  to  be  accurate  to  such  an 
extent  as  to  make  these  corrections  important,  and  no  other  determi- 
nations of  absolute  wave-length  compare  with  Bell's  in  point  of  accu- 
racy, if  we  except  Michelson's  values  for  some  of  the  cadmium  lines 
and  perhaps  a  few  lines  of  one  or  two  other  elements.  The  whole  of 
Rowland's  "Table  of  Solar  Spectrum  Wave-lengths"  is  based  upon  the 
value  for  the  absolute  wave-length  of  D,  already  determined,  and  it 
would  be  a  very  serious  matter  to  make  the  change,  even  if  the  absolute 
wave-length  of  one  or  more  lines  were  known  with  a  sufficient  degree  of 
precision  to  justify  any  change. 

The  correction  due  to  motion  in  the  line  of  sight  could  be  applied 
to  Bell's  measurements,  but  it  is  extremely  doubtful  if  it  would  be  so 
large  as  the  errors  arising  from  other  sources,  such  as  irregular  changes 
in  temperature  during  observations  and  their  effect  upon  the  instru- 
ment in  ways  not  altogether  accounted  for  ;  irregular  changes  in  air 
pressure;  unnoticed  errors  of  the  gratings  used  ;  small  irregular  errors 
in  parts  of  the  spectrometer;  and  many  other  things  entering  into  the 
problem. 

For  most  purposes  the  all  important  thing  in  a  table  of  wave- 
lengths is  to  have  the  relative  wave-lengths  determined    carefully,  and 

'  Sent  in  but  not  read.  -  This  Journal,  7,  273. 
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the  effect  of  the  Earth's  rotation  and  orbital  eccentricity  upon  this  is 
verv  slight  when  compared  with  other  sources  of  error. 

The  character  of  most  lines  in  both  solar  and  metallic  spectra  also 
places  a  definite  limit  to  the  accuracy  of  determination  of  both  their 
relative  and  absolute  wave-lengths.  Careful  observation  of  the  lines  in 
solar  and  metallic  spectral  has  convinced  me  that  both  accuracy  and 
resolving  power  have  been  pushed  well  toward  the  limit  already.  I 
am  of  the  opinion  that  Professor  Frost  places  altogether  too  high  a 
value  upon  the  determination  of  wave-lengths  from  measurements  of 
stellar  spectra.  In  the  second  spectrum  of  a  grating  of  20,000  lines  to 
the  inch  and  2i>^  feet  focus,  an  accuracy  of  a  few  thousandths  of  an 
Angstrom  unit  in  measurements  is  difficult  to  obtain,  and  an  accuracy  of 
a  thousandth  of  a  unit  may  be  considered  unattainable,  except  under 
the  very  best  possible  conditions,  with  the  best  possible  instrumental 
equipment,  and  then  only  with  solar  or  metallic  lines  of  exceptional 
sharpness.  With  a  dispersion  not  nearly  so  great,  and  definition  not 
to  be  compared  with  this,  such  a  degree  of  accuracy  seems  to  me  to  be 
quite  illusory. 

It  is,  however,  desirable  that  our  reference  points  should  be  definitely 
fixed  with  the  greatest  possible  accuracy.  The  relative  wave-lengths 
of  the  better  class  of  lines  in  Rowland's  Table  and  Bell's  determina- 
tion of  absolute  wave-length  are  quite  accurate  enough  for  all  such 
purposes.  But  for  the  most  accurate  work  the  lines  of  the  solar  spec- 
trum are  not  stable  enough  for  comparison  lines,  unless  the  wave- 
lengths in  the  table  are  considered  to  be  the  true  wave-lengths  of  the 
solar  lines  unaffected  by  the  Earth's  motions,  and  corrections  are 
made  for  this  motion  whenever  the  lines  of  the  solar  spectrum  are  used 
as  standards  of  reference,  and  all  tables  of  metallic  lines  are  referred  to 
the  solar  lines  under  these  conditions. 

.\s  a  matter  of  fact,  however,  the  investigations  1  have  made  show 
that  many  of  the  solar  lines  are  unsuitable  as  standards  for  very  accu- 
rate work,  and  these  are  for  the  greater  part  the  most  prominent  solar 
lines. 

Most  of  the  smaller  solar  lines  are  produced  in  the  lower  portions 
of  the  solar  atmosphere,  and  are  caused  by  the  absorptive  action  upon 
light  of  matter  which  is  on  the  average  ascending  over  the  solar  surface 
at  a  rate  of  about  0.35  miles  per  second.  The  shaded  lines,  on  the 
contrary,  are  produced  by  matter  at  various  heights  in  the  solar 
atmosphere.     The  shaded  portions  are  produced  by  absorbing  gases 
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at  a  considerable  dei)th  in  the  atmosphere,  and  the  narrow  central 
absorption  line  at  a  considerable  elevation,  which  varies  greatly  for 
different  lines.  Separating  these  two  absorption  lines  is  a  bright 
reversal  or  emission  line,  not  very  prominent,  but  recognizable  in 
all  metallic  lines  with  broad  shading,  and  conspicuous  in  the  case 
of  H  and  K  and  a  few  of  the  more  strongly  shaded  lines. 
This  emission  component  must  be  formed  at  an  elevation  some- 
where between  that  of  the  matter  producing  the  two  distinctly 
different  absorption  lines.  The  narrow  central  component  of  the 
shaded  lines  (which  is  the  portion  of  the  line  used  in  measurements), 
shows  a  descending;  motion,  over  the  solar  surface,  of  the  absorbing 
matter  producing  it,  of  from  about  0.18  miles  per  second  in  the 
case  of  the  D  lines  to  about  a  mile  a  second  in  the  case  of  the  H 
and  K  lines.  The  velocity  in  the  case  of  the  H  and  K  lines  is 
decidedly  variable,  in  the  cases  of  other  shaded  lines  much  less  so. 

These  narrow  components  of  the  shaded  lines  are  probably  pro- 
duced by  meteoric  niatter  falling  into  the  solar  atmosphere.  The 
bright  emission  components  may  possibl}'  be  caused  by  the  down- 
rush  of  this  meteoric  matter  through  the  denser  portions  of  the 
chromosphere  such  that  where  it  meets  the  uprush  of  the  matter 
already  referred  to,  the  impact  of  the  collisions  or  the  friction  caused 
produces  an  intense  emission  of  certain  lines  in  this  region  of  the 
chromosphere.  This  may  be  the  true  seat  of  the  so-called  "reversing 
layer." 

Another  factor  which  affects  the  wave-lengths  of  solar  lines,  but  to 
a  less  extent  in  general,  is  pressure.  In  the  case  of  the  central  lines 
of  H  and  K,  the  pressure  is  probably  not  far  from  zero,  or  at  least 
small  ;  in  the  case  of  the  D  lines  it  is  about  i  ^  atmospheres,  and  in 
the  case  of  most  of  the  small  lines  of  iron  and  the  other  elements  it  is 
two  or  three  atmospheres.  The  shaded  component  of  the  shaded  lines 
is  probably  produced  by  matter  at  a  pressure  as  great  as  or  greater 
than  this.  The  change  in  wave-length  of  most  solar  lines  from  this 
cause  is  slight,  but  in  a  few  cases,  as  in  the  small  sodium  lines,  it  is 
considerable. 

Such  facts  as  these  rather  impair  the  usefulness  of  many  solar 
lines  for  standards  of  reference  where  measurements  of  velocity  in  the 
line  of  sight  are  in  question,  and  although  the  smaller  solar  lines  and 
most  of  the  others  probably  have  a  very  constant  actual  wave-length, 
still  this  wave-length  is  not  that  which  these  same  lines  would  have  if 
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the  matter  producing  them  were  at  rest  and  at  atmospheric  pressure, 
and  if  the  point  on  the  Earth's  surface  where  the  observer  may  be 
were  free  from  motion. 

Stellar  spectra,  however,  are  not  compared  with  solar,  but  with 
metallic  or  gaseous  spectra,  and  the  wave-lengths  of  lines  from  these 
sources  as  usually  obtained  may  be  considered  to  be  quite  constant,  or 
at  least  such  within  reasonable  limits.  It  is  desirable,  nevertheless, 
that  the  wave-lengths  of  these  lines,  used  as  standards,  should  be  deter- 
mined accuratelv,  and  that  this  determination  be  made  with  the 
observer  at  rest  with  respect  to  the  Sun  (in  a  radial  direction)  by  com- 
parison with  the  lines  of  the  solar  spectrum,  and  that  from  these  lines 
a  careful  selection  be  made. 

In  my  investigation  the  values  thus  obtained  were  determined  for  a' 
carefully  selected  list  of  iron  and  other  lines,  and  will  be  published 
when  the  work  is  completed. 

The  same  corrections  were  in  greater  part  applied  to  the  wave- 
lengths of  the  lines  in  the  spectrum  of  titanium  and  manganese  deter- 
mined bv  Rowland  and  Harrison  soon  to  be  published. 

What  I  have  said  regarding  the  effect  of  motion  in  the  line  of  sight 
and  pressure  in  the  solar  atmosphere,  upon  the  wave-length  of  lines  in 
the  solar  spectrum,  also  holds  true  of  stellar  spectra;  and  in  some  cases 
the  effect  may  be  considerably  greater  than  in  the  case  of  the  solar 
spectrum,  as  in  those  stellar  atmospheres  w^here  the  disturbances  are 
greater ;  or  the  vertical  circulation  more  intense  ;  or  the  density  or 
extent  of  the  atmosphere  greater  than  with  the  Sun.  As  this  matter  is 
to  be  taken  up  at  considerable  length  in  the  near  future  it  is  not  neces- 
sarv  to  discuss  it  to  any  extent  now. 

It  is,  however,  well  to  say  that  the  effect  of  rotation  of  the  star  upon 
its  axis  will  be  merely  to  broaden  the  lines  in  its  spectrum,  without 
materially  affecting  their  position,  while  radial  or  nearly  radial  distur- 
bances or  atmospheric  circulation  may  considerably  affect  the  wave- 
length of  lines  in  its  spectrum.  The  effect  of  a  very  active  vertical 
circulation  will  probably  be,  as  seems  to  be  the  case  with  the  Sun,  to 
shorten  the  wave-length  of  the  smaller  metallic  lines,  and  of  those 
lines  which  are  produced  by  absorption  in  the  lower  portions  of 
the  star's  atmosphere,  in  view  of  the  fact  that  the  gases  producing 
this  absorption  take  part  in  the  uprushes  concerned  in  this  vertical 
circulation.  The  study  of  the  appearance  of  the  lines  in  the  solar 
spectrum   leads  to  the  conclusion   that   the  uprush   is  almost  wholly 
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responsible  for  the  absorption  producing  these  lines.  The  return  cur- 
rent or  fall  of  the  material  concerned  in  these  uprushes  seems  to  be 
but  slightly  effective  in  the  production  of  al)sorj)tion  lines,  the  mater- 
ial of  these  return  currents  being  probably  too  cool  to  be  of  influence. 
This  also  best  fits  in  with  the  most  approved  solar  theories. 

The  more  permanent  gases  which  may  constitute  the  bulk  of  the 
true  solar  atmosphere  may  not  indicate  by  their  spectral  lines  motion 
in  any  predominant  direction,  though  I  am  not  in  a  position  at  present 
to  state  that  this  is  actually  the  case.  However,  the  lines  most  promi- 
nent in  the  solar  chromosphere  are  likely  to  show  a  change  of  wave- 
length which  indicates  a  down-rush  of  matter,  not  under  very  great 
pressure,  but  rather  attenuated.  In  the  case  of  the  more  prominent 
lines  this  velocity  maybe  quite  variable.  This  is  upon  the  supposition 
that  the  definition  of  the  lines  in  stellar  spectra  is  such  as  to  admit  of 
the  distinguishing  of  the  narrow  central  components  from  the  shading 
of  these  lines.  Such  is  not  likely  to  prove  the  case,  and  hence  only 
the  uprush  will  be  measured.  This  downward  or  falling  velocity  is 
probably  not  directly  connected  with  the  vertical  atmospheric  circula- 
tion referred  to,  but  is  more  likely  to  be  of  meteoric  origin.  Hence 
the  metallic  lines  affected  will  for  the  greater  part  be  those  whose 
intensity  is  much  greater  in  the  spark  than  in  the  arc  spectrum,  the 
rush  of  meteoric  matter  through  a  star's  atmosphere  probably  giving  a 
spectrum  more  nearly  like  that  of  the  spark  than  the  arc,  seeing  that 
it  is  the  result  of  friction  or  collisions. 

These  conclusions  are  certainly  indicated  by  the  appearance  and 
wave-lengths  of  these  lines  in  the  solar  spectrum  and  their  prominence 
in  the  chromosphere.  Hence  the  facts  regarding  the  behavior  and 
appearance  of  certain  lines  in  the  solar  spectrum  should  make  us  wary 
about  accepting  the  presence  or  predominance  of  arc  or  spark  lines 
in  stellar  spectra  as  an  indication  of  the  temperature  of  the  star's 
atmosphere,  since  both  the  extent  and  density  of  a  star's  atmosphere, 
and  the  violence  or  quietness  of  its  atmospheric  circulation,  and  the 
amount  of  meteoric  matter  falling  into  its  atmosphere,  may  influence 
the  star's  spectrum  much   more  than  its  temperature  alone. 

The  factors  mentioned  may  also  to  some  extent  affect  our  conclu- 
sions regarding  the  real  motion  of  a  star  in  the  line  of  sight,  although 
if  the  determinations  are  based  upon  measurements  of  the  lines  of 
hydrogen  or  other  permanent  gases  they  are  probably  less  likely  to  be 
thus  affected.     This,  however,  is  a  matter  to  be  investigated. 
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The  effect  of  pressure  upon  the  wave-length  of  lines  as  a  disturbing 
influence  in  measurements  of  motion  in  the  line  of  sight  will  probably 
be  slight.  As  I  have  stated,  the  solar  lines  indicate  pressures  of  from 
little  niore  than  zero  to  only  two  or  three  atmospheres,  though  the 
shading  of  the  stronger  lines  may  be  produced  at  a  greater  pressure. 
While  some  of  the  stars  may  have  atmospheres  of  much  greater  extent 
and  under  greater  pressure  than  that  of  our  own  Sun,  it  is  doubtful  if 
the  seat  of  absorption  of  measurable  lines  will  be  at  a  pressure  much, 
if  any,  greater,  and  as  but  comparatively  few  metallic  lines  have  a  large 
pressure  shift  per  atmosphere,  the  effect  of  pressure  will  be  of  little 
importance  in  most  cases. 

Lewis  E.  Jewell. 

Johns  IIdi'KINS  Unmversity, 
Baltimore. 


PHOTOGRAPHIC  NOTES. 

In  astronomical  and  spectroscopic  photography,  halation  may 
sometimes  prove  troublesome.  This  effect  may  be  gotten  rid  of  by 
using  doubly  and  triply-coated  plates,  but  in  some  respects  they  are 
troublesome,  especially  in  the  matter  of  thorough  fixing,  and  further- 
more are  not  always  at  hand  when  wanted.  Many  receipts  have  been 
given  for  backing  plates  to  prevent  halation.  These  generally  include 
essential  oils  for  rendering  the  index  of  refraction  of  the  medium  which 
contains  the  dark  pigment  used,  the  same  as  glass.  Both  the  backing 
of  the  plates  and  its  removal  later  is  liable  to  prove  troublesome. 

I  have  found  water-color  lampblack,  in  moist  pans,  or  better  still, 
in  tubes,  to  answer  perfectly  as  a  preventive  of  halation.  It  may  be 
that  the  gum  arabic  and  honev  with  which  the  pigment  is  mixed  render 
the  refractive  index  of  the  medium  nearly  the  same  as  glass  ;  at  any 
rate,  it  has  proven  effective.  To  apply  and  afterwards  remove  the 
black  is  very  easy.  It  is  only  necessary  to  squeeze  out  some  of  the 
color,  and  with  a  moistened  brush  render  it  of  about  the  consistency  of 
paste,  and  then  apply  it  to  the  back  of  the  plate.  It  drys  very  rapidly 
and  can  be  readily  removed  before  developing  by  washing  under  the 
top,  or  by  other  means.  The  film  side  should  first  be  thoroughly  wet, 
so  that  there  may  be  no  danger  of  the  paint  getting  upon  the  surface  of 
the  film. 

Some  years  ago  an  extensive  series  of  experiments  led  me  to  adopt 
a  developing  formula,  which  has   proven   to  be   so  satisfactory  for  all 
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around  work  that  I  have  had  no  occasion  to  chanu;e  it.  As  it  may 
prove  useful  to  other  workers  in  astrophysics,  I  have  thought  it  might 
be  well  to  give  the  formulae  1  have  been  using.  Some  of  the  essentials 
of  a  good  developing  formula  are  that  it  should  be  convenient,  work 
cleanly,  and  with  nearly  absolute  uniformity,  both  when  fresh  and  old  ; 
and  also  that  it  should  readily  lend  itself  to  any  changes  desired  in  the 
treatment  of  different  subjects  without  the  expenditure  of  too  much 
trouble.  The  normal  developer  which  I  employ  can  be  used  over 
many  times,  and,  instead  of  becoming  harsh  in  its  action,  will  give  the 
same  gradations,  or  contrasts  in  the  negatives  when  old  as  when  fresh, 
although  when  old  its  action  is,  of  course,  slower.  It  can  be  mixed 
without  a  graduate  if  necessary,  and  may  even  be  left  around  in  open 
tumblers  for  weeks.  This,  however,  is  not  advisable,  and,  like  all 
developers,  it  should  be  kept  from  very  strong  light,  and  the  necks  of 
bottles  in  which  it  is  contained  should  be  kept  clean  and  no  developer 
allowed  to  drv  upon  them. 

A  small  amount  of  alcohol  is  used  for  two  reasons  :  first,  the  film 
is  more  thoroughly  wetted  at  the  start,  thus  rendering  "  flowing  marks" 
less  liable  to  occur;  and  second,  the  developing  action  begins  sooner 
and  proceeds  somewhat  more  rapidly.  Potassium  ferrocyanide  is  also 
used,  because  it  was  found  in  practice  that  when  included  the  developer 
kept  better  and  worked  with  greater  clearness  and  delicacy.  It  may, 
however,  be  left  out  without  serious  consequences.  The  developer  is  a 
concentrated  one,  and,  to  prevent  spoiling  the  fixing  bath,  the  plate 
should  be  washed  thoroughly  before  fixing,  or,  much  better  still,  some 
sodium  sulphite  used  with  the  fixing  bath. 

In  practice  I  have  found  it  convenient,  where  it  is  desired  to  secure 
the  best  possible  results,  and  the  exposure  is  uncertain,  to  have  con- 
veniently at  hand  a  normal  developer  and  two  correctors  for  under  and 
overexposures.  The  developer  for  underexposures  will  give  a  thin 
negative  with  much  detail,  and  will  become  more  harsh  in  its  action  or 
give  greater  contrast  after  it  has  been  used  a  few  times.  The  developer 
for  overexposures  will  give  a  negative  with  very  great  contrast,  but 
this  contrast  will  somewhat  decrease  with  further  use  of  the  developer. 
As  already  stated,  the  normal  developer  will  remain  constant  in  its 
action. 

When  changing  from  a  developer  with  more  potassium  bromide  to 
one  with  less  it  is  important  to  rinse  the  plate  well  before  changing. 
When   the   change  is  of  the  opposite  character  it  is  hardly  necessary. 
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Alum  should  be  kept  out  of  the  fixing  bath,  and  only  used  after  one 
has  fixed  and  rinsed  the  plate  well.  It  is  sometimes  useful  in  very 
hot  weather. 

FORMULAE. 


(H)^ 


Hydrochinonc      -                    -                   -  i  part 

Sodium  sulphite  (crystals)         -          -         -  5  parts 

Water  (distilled  if  obtainable)      -          -  -     25  parts 

.  Alcohol 3<  ±  P^''^ 


(  Potassium  carbonate      -----      i  part 
(C)  \  Potassium  ferrocyanide      -          -  -         -  i    part 

/  Water "         "      '  ^  parts 


\  Pota 
(b^  I  Wat 


Potassium  bromide  -----  '  P^''^ 

gr  -  -  -  -  -  -  -      10  parts 

NORMAL    DEVELOPER. 


(X)     25  cc  (C)+  75  cc  (H)+io  drops  (b)  (from  pipette). 
=  I  oz.  (C)-|-  3  oz.  (H)+  10  drops  (b)  (from  pipette). 

The  amount  of  bromide  for  normal  developer  should  be  according 
to  class  of  work.  For  most  spectroscopic  work  15  drops  will  be  found 
best  for  above  amount  of  developer,  but  10  drops  is  about  right  for 
most  kinds  of  photographic  work. 

UNDEREXPOSED  WORK  (thin  negatives). 

(U)     25  cc  (C)  +  75  cc  (H),  no  bromide. 
=  I  oz.  (C)  +  3  oz.  (H),  no  bromide. 

OVEREXPOSED  WORK  (great  contrast). 

(O)     20  cc  (C)+io  cc  (b)+7o  cc  (H). 

=  I  oz.  (C)  +  Yz  oz.  (b)  +  3  >^  oz.  (H). 

In  verv  hot  weather  the  developer  may  be  diluted  to  a  considerable 
extent  if  desired. 

If  for  any  reason  it  is  desired  to  develop  more  rapidly  the  amount 
of  accelerator  (C)  may  be  increased,  the  amount  of  the  bromide  solu- 
tion being. increased  in  the  same  proportion.  The  contrasts  will  be 
about  the  same  as  with  the  normal  developer  already  given,  but  the 
grain  of  the  plate  may  be  coarser  and  some  tendency  to  fogging  of  the 
plate  may  result. 


MINOR  CONTRinuriONS  AND  NOTES  243 

The  fixing  bath  used  is  about  as  follows,  the  exact  proportions 
not  being  a  matter  of  much  conseciuence  providing  it  is  made  strong 
enough. 

FIXING    BATH. 

Sodium  sulphite    ------        i  part 

Sodiuui  hyposulphite  -  -  -  -  5  parts 

Water  -  -  -  -  -  -  -  -     25  parts 


Johns  Hoi-kins  University, 
Baltimore. 


Lewis  E.  Jewell. 


THE  USE  OF  THE  LINES  OF  TITANIUM  FOR  COMPARI- 
SON SPECTRA  AND  THEIR  PROMINENCE  IN  THE 
CHROMOSPHERE. 

Professor  Frost's  note  upon  the  use  of  titanium  spark  lines  for 
comparison  spectra  is  of  much  interest.  This  element,  though  one  of 
our  most  refractory  substances,  seems  to  give  a  very  marked  spark 
spectrum,  and  is,  moreover,  in  many  ways  one  of  the  most  prominent 
solar  elements.  The  smaller  lines  are  remarkably  prominent  in  Sun- 
spot  spectra,  and  the  stronger  lines,  especially  those  prominent  in  both 
spark  and  arc  spectra,  form  a  very  large  proportion  of  the  strong 
lines  in  the  chromosphere  and  extend  to  a  great  elevation. 

I  first  discovered  the  importance  of  titanium  in  chromosphere  and 
prominence  spectra  from  some  of  Professor  Hale's  photographs  of 
prominence  spectra  taken  several  years  ago.  These  showed  the  tita- 
nium lines  at  A  3685.339,  3759.447,  and  3761.464  to  be  among  the 
most  conspicuous  of  the  chromosphere  and  prominence  lines,  and  to 
extend  almost  if  not  quite  as  far  out  as  the  lines  of  hydrogen  and 
helium,  although  not  so  far  as  those  of  calcium  (H  and  K).  In  Ever- 
shed's  eclipse  spectra,  taken  in  India  in  1898,  the  ultra-violet  part  of 
the  spectrum  is  crowded  with  the  strong  titanium  lines  which  are 
prominent  in  spark  spectra,  and  of  these  many  are  among  the  strongest 
of  all  the  chromospheric  lines.  We  find,  in  fact,  that  titanium  furnishes 
more  strong  ultra-violet  lines  than  any  other  element,  there  being 
(together  with  many  weaker  lines)  about  thirty  of  importance  between 
A  3340  and  X  4000. 

There  are,  furthermore,  several  extremely  strong  manganese  and 
chromium  lines  prominent  in  the  spark,  while  the  rare  element  scan- 
dium  furnishes  a  remarkably  large  number  of  lines,  some  of  which  are 
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also  fairlv  conspicuous.  The  characteristic  spark  lines  of  iron  do  not 
play  so  striking  a  part  in  the  chroinospheric  spectrum,  and  of  those 
which  do  appear  the  strongly  shaded  lines  are  the  most  important. 
The  same  is  true  of  nickel,  cobalt,  and  magnesium. 

Lewis   E.  Jewrli,. 
Johns  Hopkins  Inivkksh  v, 
Balliinore. 


OPPOSITION  OF  EROS  IN    1900.' 

I'he  opposition  of  Eros  during  next  autumn  will  afford  opportuni- 
ties for  observations  of  especial  interest.  The  near  approach  of  the 
planet  to  the  Earth  will  permit  the  solar  parallajc  to  be  determined, 
while  the  great  variations  in  phase  and  distance  will  give  unusual  value 
to  photometric  observations  obtained  at  this  time.  The  ephemeris  of 
Dr.  .Millosevich,  published  in  the  \l(tx\'\Xi  Jahrbuch  for  1902,  provides  the 
means  for  discussing  the  measures  of  position  of  Eros.  The  annexed 
table,  which  is  based  on  this  ephemeris,  furnishes  a  part  of  the  material 
re(]uired  for  the  investigations  mentioned  above.  The  date  is  given  in 
in  ilie  first  column.  The  right  ascension  and  declination  for  1855,  for 
Berlin  midnight,  are  given  in  the  second  and  third  columns.  This 
epoch  is  selected  for  convenience  in  identifying  Eros  by  comparison 
with  the  stars  in  the  Durchinust,  rung.  The  daily  motions  in  right 
ascension,  expressed  in  seconds  of  time,  and  in  minutes  of  arc  when 
reduced  to  the  equator,  are  given  in  the  fourth  and  fifth  columns. 
The  daily  motion  in  declination,  and  the  total  motion  expressed  in 
minutes  of  arc,  are  given  in  the  sixth  and  seventh  columns.  These 
quantities  are  important  in  planning  observations  for  parallax,  especi- 
ally those  made  photographically.  The  logarithm  of  the  distance  from 
the  Sun  has  been  kindly  furnished  by  Dr.  Millosevich,  and  is  given  in 
the  eighth  column.  The  logarithm  of  the  distance  from  the  Earth  is 
given  in  the  ninth  column.  From  this  it  appears  that  its  distance 
when  nearest  the  Earth  is  less  than  a  third  of  that  of  the  Sun  from  the 
Earth.  This  minimum  occurs  on  December  26,  nearly  two  months 
after  opposition,  which  takes  place  on  October  30.  The  phase  angle 
between  the  Sun  and  Earth,  as  seen  from  Eros,  is  given  in  the  tenth 
column.  There  are  few  asteroids  for  which  this  angle  much  exceeds 
30^.  In  the  table,  beginning  with  the  value  37^5  it  gradually  dim- 
inishes to  28:3  at   about  the  time  of  opposition,  and   then  gradually 

'  Harvard  Collef^e  Observatory  Circular  No.  49. 
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increases,  until  on  January  j; i ,  it  attains  the  extraordinary  value  of 
56:1,  becoming  even  greater  later.  The  photcfnietric  magnitude, 
neglecting  the  phase  and  assuming  that  the  light  is  inversely  propor- 
tional to  the  squares  of  the  distances  of  the  Earth  and  the  Sun,  is 
given  in  the  eleventh  column.  It  is  based  on  the  measures  described 
in  //.  C.  O.  Circulat  No.  34,  from  which  it  appears  that  the  magnitude 
would  be  11.39  at  a  distance  of  unity  from  the  Sun  and  Earth,  and 
that  the  photographic  magnitude  is  0.6  fainter  than  the  photometric. 
It  will  be  noticed  that  these  last  values  are  nearly  0.8  fainter  than 
those  given  by  Dr.  Millosevich,  who  based  his  magnitudes  on  visual 
observations.  As  the  magnitude  9.5  in  the  Durchmtisterinig  is  about 
10.5  on  the  photometric  scale,  this  difference  is  readily  explained. 
The  difference  becomes  still  greater  if  we  apply  a  correction  for  phase. 
This  correction,  in  the  case  of  the  asteroids,  is  about  0.03/,  in  which 
p  is  the  phase  angle.  If  we  assume  that  this  law  can  be  applied  to 
Eros  for  angles  as  great  as  56"  we  obtain  the  corrected  magnitudes 
given  in  the  twelfth  column.  The  phase  angle  in  the  observations 
described  in  Circular  No.  34  is  2i?2.  The  magnitude  at  distance 
unity  therefore  becomes  11.39  —  0.64=10.75.  The  approximate 
mean  time  of  meridian  transit  is  given  in  the  thirteenth  column,  and 
the  aberration  time  in  the  fourteenth. 

As  an  example  of  the  use  of  this  table,  let  us  consider  the  most 
favorable  conditions  for  determining  the  solar  parallax.  It  soon 
appears  that  this  problem  is  by  no  means  a  simple  one.  If  we  select 
the  end  of  December,  when  Eros  is  nearest  the  Earth,  we  find  that 
metidian  transit  occurs  so  early  in  the  evening  that  j^'r^x  cannot  be 
photographed  far  east  of  the  meridian.  Moreover,  the  motion  both  in 
right  ascension  and  declination  is  so  great  that  if  the  telescope  is  made 
to  follow  the  stars,  Eros  will  trail  so  rapidly  over  the  plate  that  it  may 
not  leave  anv  impression  on  it.  If  the  total  diurnal  motion  is  24', 
the  motion  will  be  i "  a  minute.  If,  then,  the  diameter  of  the  image 
is  2",  Eros  cannot  be  photographed  unless  an  exposure  of  two 
minutes  is  sufficient.  In  such  a  case  it  may  be  necessary  to  make  the 
telescope  follow  on  Eros  and  not  on  a  star.  All  the  stars  will  then 
appear  as  short  trails  which  are  easily  bisected.  If  the  motion  of  Eros 
is  large,- its  position  with  relation  to  the  comparison  stars  will  differ 
greatly  when  east  and  when  west  of  the  meridian.  Moreover,  it  will 
be  necessary  to  measure  the  total  motion,  and  after  subtracting  the 
large  motion  of  Eros,  determine  the  small  remaining  parallax.     During 
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the  latter  part  of  January  Eros  culminates  at  nearly  the  same  time  on 
successive  nights,  and  will  thus  be  favorably  situated  for  observations 
west  of  the  meridian  for  several  weeks.  The  path  of  Eros  has  a  loop 
extending  over  about  13°  in  right  ascension  and  20°  in  declination, 
and  with  a  center  at  about  R.  A.  2^  5'",  Dec. +  51".  The  point  of 
crossing  is  at  R.  A.  2^  21'". 9,  Dec.+  34?25'  (1855).  ^"^  is  therefore  not 
far  from  the  stars  +  34?447,  mag.  9.3,  and  -|-  34?448,  mag.  8.0.  Eros 
will  pass  through  the  point  of  crossing  on  September  3,  1900,  and 
again  on  January  8,  1901.  Photometric  observations,  if  made  on  these 
dates,  will  have  especial  value,  since  the  same  comparison  stars  can  be 
used  for  both. 

A  photograph  of  Eros  was  obtained  on  September  6,  1898,  with 
the  1 1 -inch  Draper  telescope,  whose  focal  length  is  153  inches.  Stars 
of  the  ninth  magnitude  are  readily  photographed  with  this  instrument 
in  5  seconds.  The  exposure  was  10  minutes,  the  daily  motion  18', 
and  the  computed  magnitude  12.1.  Allowing  for  the  difference  in 
motion  it  would  be  equally  difficult  to  photograph  Eros  on  this  date 

and  on  September  17,  1900. 

Edward  C.  Pickering. 

February  14,  1900. 


A    REMARK    ON    THE    ARTICLES    ON    THE    DENSITY   OF 
THE  ALGOL  STARS  IN    THE    ASTROPHYSICAL    JOUR- 
NAL, VOL.  10,  NO.   5. 
It  has  long  been  known   that   the   mean   density  of  the   two  com- 
ponents can   be  deduced  from  the  observations  of  the  light-variation 
of  the  Algol  stars.     This  question  was   discussed   thoroughly,  and  in 
principle  completely,  by  Meriau  in  Comptes  rendus,  122,  1254.      In  my 
article  on   "  Doppelsterne"  in  Ya.\tr\\.\r\tx''i  Handworterduch  der  Astro- 
nomie   (Bd.    I,    694-695),  mention    is    also   made   of    this  idea,   which 
naturally  suggests  itself. 

If  we  retain   the  symbols  employed   by   Roberts,  and    further  let 
8  J  and  8,^  represent   the  densities  of  components  i  and  2,  8  the  mean 
density  of  the  two  components,  and  D  that  of  the  Sun,  whose  radius 
in  astronomical  units  is  R,  we  shall  have 
8._  R^  w.  8   _  R^  m,  8  _    '    R' 

I)~  pW  '    m  ,-^m,    '     TJ^qU^   '    m  ^-\-  m  ^    '     D'^  {p^  +  q'^)  r- 
The  last  formula  alone,  which  was  also  derived  in  my  article  referred 
to   above,  can   be  computed   without   any   hypothesis.      The   first  two 
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formulae  only  were  employed  by  Roberts,  who,  however,  Used  an 
incorrect  factor.  It  would  appear  that  the  Sun's  diameter  was  taken 
instead  of  its  radius,  for  his  factor  0.0092  must  be  replaced  by  0.00465 
{D  being  placed  equal  to  unity). 

In  conclusion,  it  is  by  no  means  intended    that   these   lines   shall 
detract  from   the  interest  which  is  certainly  merited  by  the   numerical 

results  of  the  articles  referred  to. 

H.    Seeliger. 
Munich,  February  1900. 


THE  SYSTEiM  OF  CAPELLA. 

One  of  the  most  interesting  among  recent  astronomical  discoveries 
is  announced  in  Professor  Campbell's  note  on  "  The  Spectroscopic 
Binary  Capella,''  published  in  the  October  1899  number  of  this 
Journal.' 

I  have  plotted  the  data  given  in  Professor  Campbell's  note,  and  find 
that  a  period  of  about  105  days  will  satisfy  the  six  observations 
recorded.  A  shorter  period,  though  not  absolutely  precluded,  is 
clearly  improbable.  A  longer  period  (200  ""dr)  cannot  be  brought 
into  harmony  with  Vogel's  spectrographic  observations  of  1888-9." 
The  indicated  range  in  radial  velocity  is  about  57  km  per  second,  and 
the  orbit  is  not  far  from  circular.  I  have  made  no  attempt  to  deduce 
the  elements  by  "least  squares,"  as  further  observations  will  doubtless 
be  soon  available. 

Professor  Vogel  found  no  evidence  of  change  in  the  radial  motion 
of  Capella.  His  mean  result  for  this  motion  (+15.5  English  miles 
per  second)  should  therefore  hold  good  for  the  center  of  mass  of  the 
svstem  ;  and  we  may  further  assume  that  the  two  components  are 
nearly  equal  in  mass,  as  well  as  in  brightness.^ 

Adopting  Elkin's  value  for  the  star's  parallax,  viz.,  o^oSi,  I  infer 
that  the  components  will  at  times   be  separated  by  more  than  0^04. 

'The  binary  nature  of  this  star  was  independently  detected  by  Mr.  H.  F.  Newall 
(Observalory,  December  1899,  p.  436). 

'Reproduced  in  the  Observatory,  No.  181,  p.  374.  Vogel's  result  for  the  radial 
velocity  of  Capella  considerably  exceeds  the  deduced  value  for  the  motion  of  the 
center  of  massi  based  on  the  200-day  period. 

3  The  non-detection  of  changes  in  the  star's  spectrum  by  Professor  Vogel  is  not 
easily  explained  ;  and  Professor  Campbell's  remarks  on  the  dissimilar  spectra  of  the 
components  tend  to  heighten  the  difficulty.  Evidently  from  any  point  of  view,  the 
case  of  Capella  is  of  great  interest. 
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Hence  Michelson's  interference  apparatus,'  fitted  to  one  of  our  larger 
telescopes,  should  furnish  reliable  measures  of  the  Capella  system, 
thus  affording  material  for  a  complete  knowledge  of  the  orbit  and 
absolute  masses,  besides  yielding  a  new  value  for  the  star's  parallax. 
Since  Capella  is  now  favorably  situated,  while  suitable  apparatus  is 
easily  improvised,  I  trust  that  no  time  will  be  lost  in  the  making  of 
tentative  experiments.  With  the  assigned  period  the  components 
would  attain  their  maximum  angular  distance  about  January  i,  and 
again  near  the  end  of  February  1900. 

I  have  hitherto  assumed  that  the  inclination  (90° — i)  of  the  orbit 
plane  to  the  line  of  sight  is  not  large.  This  is  a  natural  supposition  ; 
but  the  following  deductions  lead  to  a  different  result,  and  one  which, 
from  our  present  standpoint,  is  of  great  interest. 

If  m  denote  the  mass  of  a  binary  star  in  units  of  the  Sun's  mass, 
P  being  the  period  of  revolution  in  days,  and  F^  =  F  cosec  /  the 
relafive  mean  orbital  velocity  in  kilometers  per  second,  we  shall  have  : 

m  —  [7.01645] /'F^ cosec'/, 

where  the  semi-axis  major  of  the  Earth's  orbit  is  taken  as  149,480,000 
kilometers."     Assuming  equal  masses  for  the  components,  and  putting 

;«;,  =  [7.20386]  PF^. 

Vz^^S,  /'=  105,  /=  90°,  we  find  m  =  1.9  for  the  system  of  Capella. 
Now  this  value  of  the  mass  is  notably  less  than  that  which  we 
should  be  led  to  assign  from  a  consideration  of  the  star's  actual  bright- 
ness. Capella  is  intrinsically  about  five  times  brighter  than  SiriuSy 
twenty-one  times  brighter  than  Procyon,  and  eighty-seven  times  as 
bright  as  a  Centauri}  And  the  masses  of  Sirius,  Procyon,  and  a  Cen- 
taur i  Sixe  respectively  equal  to  2.4,  3,  and  2  Sun-masses,  according  to 
the  reliable   data  supplied   by  Auwers,  Gill,  Elkin,  and  See.     Taking 

'  This  is,  in  brief,  a  cap  fitting  over  the  telescope  objective  and  provided  with 
two  parallel  slits  whose  breadth  and  distance  apart  can  be  varied  at  will.  A  simple 
cap  with  fixed  slits  and  a  graduated  band  for  the  measurement  of  position-angles  will 
serve  the  purpose. 

'  In  the  deduction  of  approximate  or  limiting  values  for  the  masses  of  spectro- 
scopic binaries,  this  formula  will  be  found  very  convenient.  In  general,  the  tnost 
probable  value  (>iip)  of  the  mass  will  be  obtained  by  putting  i  —  60°.  The  correspond- 
ing formula  is  : 

3  These  comparisons  are  based  on  the  Harvard  photometric  magnitudes  of  the  four 
stars.  The  adopted  parallaxes  are  those  of  Gill  for  Sirius  and  a  Centauri,  and  of 
Elkin  for  Procyon  and  Capella. 
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these  and  other  related  facts  into  consideration,  we  may  assume  with 
much  confidence  that  w  >  6,  in  which  case  «>  0^064,  and  /  <  43  \ 
for  the  system  of  Capella. 

If  the  foregoinjj  deductions  are  sound  —  and  they  certainly  possess 
a  higli  measure  of  probability  —  it  will  be  possible  to  study  this  inter- 
esting system  by  interference  methods  at  almost  any  epoch,  with  the 
large  refractors  of  the  Verkes  and  Lick  Observatories. ' 

J.   Miller  Barr. 
St.  C.vthk.rinks.  Ont.akio,  Canad.x. 
January  4,  i()00. 


Addetidum.  —  Since  the  foregoing  paper  was  written,  Professor 
Campbell  has  announced  his  preliminary  results  relative  to  the  orbit 
of  the  Capella  system.'  These  results  are  in  remarkably  close  agree- 
ment with  those  deduced  by  the  writer.  Using  Professor  Campbell's 
data  (Z*^:  104''.!,  F.=  57  km  per  second),  1  find: 

a  =  0^044  cosec  /', 
w  =  2  .  00  cosec  ^  /, 

the  orbit  being  supposed  circular.  Putting  ni  =  6,  as  already  assumed, 
the  maximum  and  minimum  distances  of  components  will  exceed 
©.'064  and  o.'o46,  respectively.  The  actual  value  of  a  will  probably 
be  found  to  lie  between  o.'i  and  0^25.  Hence  this  interesting  system 
should  come  within  the  range  of  direct  observation  in  our  larger 
telescopes  —  a  suitable  absorbent  screen  being  used  to  reduce  the 
apparent  dimensions  of  the  diffraction-disks. 

J.  M.  B. 

'  It  may  be  worth  while  to  directly  examine  Capella  with  high  powers,  under 
exceptionally  favorable  conditions.  * 

'^  Observatory,  February  1900,  p.  92.  .See  al.so  Mr.  Xewall's  interesting  jletter  in 
the  same  number. 
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By  G.  Johnstone  S  t  o  n  e  y. 
PART    I. GENERAL    CONSIDERATIONS. 

Mr.  S.  R.  Cook,  in  his  paper  under  the  above  title  in  the 
January  number  of  the  Astrophysical  Journal,  points  out  that 
the  present  writer,  when  investigating  the  escape  of  gases  from 
atmospheres,  does  not  base  his  argument  upon  "the  determina- 
tion by  the  Kinetic  Theory  of  the  relative  number  of  molecules 
which  would  have  a  velocity  sufificient  to  enable  them  to  escape 
from  the  Earth  or  planet." 

This  is  so  :  and  the  reason  is  that  no  such  determination 
exists  except  that  arrived  at  in  the  paper  criticised  by  Mr.  Cook, 
where  data  drawn  from  outside  the  Kinetic  Theory  are  employed 
to  supplement  what  the  Kinetic  Theory  teaches.  These  auxiliary 
data  are:  (i)  that  the  Moon  has  not  retained  an  atmosphere; 
and  (2)  that  the  Earth  and  Venus  do  retain  the  vapor  of  water 
in  their  atmospheres. 
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When  I  first  attacked  the  problem  of  the  escape  of  gases 
from  atmospheres,  which  was,  I  think,  in  1867  or  1868,  I.  like 
Mr.  Cook,  hoped  that  Maxwell's  law  for  the  distribution  of  the 
sj)eeds  of  the  molecules  in  gases  under  normal  conditions  would 
render  aid  ;  but  when  I  came  to  consider  what  the  true  physical 
meaning  of  that  law  is,  and  within  what  limits  it  holds  good,  I 
found  that  it  fails  us  just  where  we  want  its  aid,  viz.,  in  that 
outer  region  of  an  atmosphere  from  which  alone  the  entire  of 
the  escape  of  molecules  takes  place. 

My  first  attempt  was  to  discover  a  more  comprehensive  law, 
of  the  same  kind  as  Maxwell's,  which  should  give  the  average 
proportion  of  molecules  having  a  given  velocity,  using  the  word 
velocity  to  include  both  speed  and  direction.  Such  a  formula 
can,  without  much  difficulty,  be  obtained  in  a  form  which  covers 
some  states  of  gas  which  lie  outside  the  grasp  of  Maxwell's  law. 
But,  after  long  thought  over  the  subject,  I  was  unable  to  include 
under  it,  or  any  other  formula  that  I  could  discover,  the  unique 
conditions  that  prevail  near  the  confines  of  an  atmosphere.  All 
that  I  could  discover,  applicable  to  this  case,  was  some  general 
inferences  from  general  dynamical  considerations.  These,  so 
far  as  they  need  be  referred  to  here,  went  to  show  that  the 
breaking  down  of  Maxwell's  law  as  the  boundary  of  an  atmos- 
phere is  approached  is  accompanied  by  an  augmentation  in  the 
proportion  of  molecules  moving  with  what  may  be  called  out- 
lying speeds,  i.  e.,  speeds  which  deviate  much  either  above  or 
below  the  speed  which  Maxwell  calls  "the  velocity  of  mean 
square." 

On  finding  that  the  attempt  to  base  the  inquiry  upon  Max- 
well's law  could  only  lead  to  illusive  results,  it  appeared  neces- 
sary to  cast  about  for  some  other  way  of  approaching  the 
problem  ;  and,  finally,  I  adopted  the  line  of  argument  which  is 
developed  in  my  paper  (see  this  Journal  for  January  1898,  or 
the  Scientific  Transactions  of  the  Royal  Dublin  Society,  Vol.  VI, 
Part  13). 

Maxwell's  formula  for  the  distribution  of  the  speeds  of 
molecules  in  their  free  paths  has  reference  to  what  happens  in 


GA  SES  /A'  PL  A  AE  TA  RY  A  TMOSPHERES  253 

the  case  of  quiescent  gas  within  an  enclosure  of  which  the  walls 
arc  perfectly  elastic,  and  where  the  gas  is  not  acted  on  by  any 
other  external  force.  Let  the  s{)ace  within  the  enclosure  be 
divided  up  into  ccjual  cubes  of  such  a  size,  AF,  that  each  shall 
contain  a  sufficient  number  of  molecules,  A^,  for  a  probability 
law  such  as  Maxwell's  to  be  apparent  in  the  distribution  of  the 
N  speeds  with  which  these  A^  molecules  are  actually  moving  at 
anv  assumed  instant  of  time.  This  is  the  point  of  view  from 
which  Maxwell  discusses  the  problem.  It  is,  however,  more 
convenient  to  secure  a  sufficient  number  of  molecular  speeds  in 
another  way.  We  may,  in  fact,  employ  smaller  cubes  contain- 
ing fewer  molecules,  if  we  compensate  for  this  by  extending  our 
survey  to  all  the  free  paths  which  these  molecules  pursue  within 
a  sufficient  duration.  A/.  This  change  in  the  point  of  view  is 
legitimate,  since  Maxwell's  proof  of  his  law  applies  without 
alteration  to  either  case;  and  the  change  is  of  advantage,  inas- 
much as  it  appears,  from  investigations  which  have  been  made  • 
since  ^Maxwell's  paper  was  published,  that  the  smallest  volume 
which  we  can  safely  attribute  to  AF,  if  we  adopt  Maxwell's  point 
of  view,  is  inconveniently  large  for  some  purposes  ;  and  since,  if 
we  avail  ourselves  of  the  new  point  of  view,  it  becomes  possible 
to  gauge  by  experiment  the  number  of  free  paths  which  require 
to  be  included  in  order  that  the  distribution  of  the  speeds  of  the 
molecules  in  them  may,  in  a  satisfactory  degree,  conform  to 
Maxwell's  law  (see  the  second  part  of  this  paper).  If  (adopt- 
ing the  new  point  of  view)  N  be  the  number  of  molecules 
within  the  space  AF,  and  if  w  be  the  average  number  of  encoun- 
ters met  with  by  each  molecule  in  the  time  A/,  then  will  Nn  be 
approximately  the  number  of  free-paths  described  within  the 
volume  AF  in  the  time  A/. 

Now  Maxwell's  law  is  a  probability  law,  and  is,  therefore,  a 
limiting  law  :  that  is,  it  is  never  more  than  approximately  ful- 
filled ;  it  is  widelv  departed  from  within  the  space  AFif  Nii  is 
too  small  a  number,  and  it  more  nearly  represents  the  actual 
state  of  things  the  larger  the  number  Nn  is,  provided  that  some 
necessary  conditions  are  complied  with.      What  these  conditions 
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are  may  be  collected  from  an  examination  of  the  successive 
steps  of  the  proof  which  Maxwell  gives  of  the  law.  They  are 
all,  as  will  be  seen,  fulfilled  in  a  degree  which  is  sufficient  for 
practical  purposes,  in  the  air  we  find  about  us  at  the  bottom  of 
the  atmosphere  and  in  the  gases  we  have  to  deal  with  in  most 
laboratory  experiments.  So  far  as  these  conditions  need  be 
referred  to,  they  are  as  follows  : 

1.  It  is  assumed  in  the  proof  of  Maxwell's  Law  that  the 
gas  is  uniformly  distributed  throughout  the  space  considered, 
and  that  it  is  isotropic,  i.  c,  the  condition  of  the  gas  is  supposed 
to  be  the  same  in  all  directions.  Now,  though  gravity  increases 
the  density  of  the  lower  strata  of  gas  confined  within  a  room, 
or  in  the  apparatus  of  a  laboratory,  it  does  so  in  so  slight  a 
degree  that  the  first  condition  is  sufficiently  fulfilled  for  practi- 
cal purposes.  This,  however,  is  by  no  means  the  case  in  that 
outermost  stratum  of  the  atmosphere  from  which  the  escape  of 
molecules  takes  place,  when  we  give  to  the  cube  AF  the  size 
which  is  there  necessary  to  include  within  it  a  sufficient  number 
of  free  paths,  and  where,  besides,  the  free  j)aths  are  no  longer 
straight. 

2.  The  gas  must  also  be  quiescent  or  else  traveling  with 
uniform  speed  in  some  fixed  direction.  When  thus  traveling, 
air  is  a  wind  blowing  with  a  velocity  that  does  not  vary  either  in 
speed  or  direction  ;  and  what  Maxwell's  law  gives  when  applied 
to  such  a  wind,  is  the  distribution  of  the  speeds  of  the  veloci- 
ties that  remain  after  geometrically  subtracting  the  velocity 
of  the  wind  from  the  several  velocities  of  the  individual 
molecules. 

3.  The  portion  of  space  AF  to  which  we  apply  Maxwell's 
law,  must  be  not  too  narrow  in  any  direction.  We  have  secured 
compliance  w'ith  this  condition  wherever  AF  is  of  sufficient 
size  to  fulfill  the  other  requirements,  by  selecting  a  cube  as  the 
form  of  AF. 

4.  The  volume  AF  must  be  large  enough  and  the  time  A/ 
long  enough,  to  make  the  free  paths  described  within  the  space 
AFin  the  time  A/,  sufficiently  numerous  to  warrant  our  using 
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Maxwell's  law  as  representing"  apjiroximately  the  actual  distribu- 
tion of  speeds  among  these  molecular  journeys. 

In  the  present  state  of  our  knowledge  we  are  unable  to 
determine  by  a  priori  considerations  what  is  necessary  for  the 
fulfillment  of  this  last  condition.  We  must  have  recourse  to 
experiment  and  look  out  for  cases  in  which  there  is  an  appreci- 
able breaking  down  of  Maxwell's  law. 

The  law  does  not,  for  example,  hold  good  of  the  gas  within 
the  bulb  of  a  Crookes'  radiometer ;  where,  when  the  instrument 
is  exposed  to  radiant  heat,  the  molecules  thrown  back  with 
augmented  speed  from  the  darkened  side  of  the  vane  do  not  meet 
with  a  sufficiency  of  encounters  with  other  molecules  in  front  of 
that  side  of  the  vane  to  be  able  to  keep  them  back  in  the  degree 
which  would  equalize  the  pressure  on  the  front  and  back  of  the 
vane. 

Nor  does  Maxwell's  law  hold  good  in  ordinary  air  when  we 
are  able  to  scrutinize  effects  due  to  what  happens  within  very 
small  volumes  of  the  air.  Thus,  if  tobacco  smoke,  confined 
between  two  thin  slips  of  glass,  is  examined  with  a  microscope, 
the  minute  flakes  of  smoke  will  be  seen  to  dance  in  a  surprisingly 
lively  manner.  They  are,  in  fact,  being  hammered  about  by 
cooperating  movements  of  small  groups  of  molecules  which  now 
and  then  form  themselves  in  the  air  about  them,  thus  betraying 
to  us  the  deviations  from  Maxwell's  law  which  must  arise 
whenever  we  have  to  deal  with  swarms  of  molecules,  in  which 
the  individual  molecules  are  too  few  to  provide  a  sufificient  num- 
ber of  encounters  within  the  shortest  time  that  our  senses  can 
appreciate  from  changes  in  the  motions  of  the  flakes  of  smoke. 
The  impacts  of  single  molecules  upon  those  flakes  do  not,  of 
course,  produce  appreciable  effect,  but  molecular  events  succeed 
one  another  with  such  astonishing  rapidity  —  as  will  appear  when 
we  come  to  deal  with  details  in  the  second  part  of  this  paper  — 
that  there  is  time  enough  within  the  hundredth  of  one  second  of 
time  for  little  rushes  of  small  bodies  of  molecules  to  have  now 
and  then  arisen.  Such  being  the  case,  Maxwell's  law  cannot 
assert  itself  until  we  contemplate  a  larger  volume  or  a  longer 
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time    or  both,  until,  in   fact,  so   many   of  such   irregularities   are 
embraced  in  the  survey  that  they  are  able  to  balance  one  another. 
What   liappens   here   may  be  illustrated   by  what  takes  place 
in   a   more  familiar  case.      If  5000  shots  were  fired  at    the  center 
of  a  target  from  a  given  distance,  out  of  equally  good   guns  and 
by  equally  skilled  artillerists,  the  distribution  of  the  shots  round 
the  center  of  the  target  would  appro.ximately  conform  to  a  ])rob- 
abilitv  law  of  the  same  class  as    Maxwell's  law.-     But  if   instead 
of  being  directed   against  one  target,  the  5000  shots  are  fired  at 
1000  targets,  five  shots  at  each,  the  divergence  of  the  effects  on 
the  several   targets  will  become  conspicuous.     On  some  targets 
the   five   shots  will   be   more  scattered  than  on  others  ;   on   some 
they   will    preponderate    towards    one    side ;     and    so     on.      On 
scarcely  any  of  them  will  it  be   i)ossible  to  trace  even  a  vestige 
of  the  probability  law.      These   are   j)henomena  very  much  akin 
to   those   little   rushes   in   various  directions   of  little   swarms    of 
gaseous   'nolecules,  which  we  find   now  and  then  occur  when  we 
can  succeed  in  scrutinizing  what   takes  place  at  sufificiently  close 
quarters    in    ordinarv    air,   and   which   cause   minute   bodies   sus- 
pended in  the  air  to  dance.      A  similar  phenomenon,  affecting  the 
agitation  of  the  molecules  of  li(iuids,is  made  known  to  us  by  the 
so-called  Brownian  movements  which  are  familiar  to  microscopists. 
Other   instructive    instances   might  be   adduced  where    Max- 
well's law  ceases  to   be  a  safe  guide,  as,  for  example,  in   the  dis- 
tribution  of  the   speeds   of  the  molecules   in  the  stratum  of  air 
adjoining  a  hot  surface,  and  in  other  cases  where  sj)ecial  conditions 
prevail  under  which  a  gas  may  find   itself;  but  we  may  pass  at 
once  to  that   remarkable  exception   to   Maxwell's  law  which  is 
forced  upon  our  attention  when  we  endeavor  to  understand  the 
circumstances  under  which   gases  escape   from   an  atmosphere. 
The   entire  of  the  escaj)e  takes  place  from  that  outer  stratum  of 
the  atmosphere  throughout  which  the  molecules  are  within  prac- 
tical   striking   distance    of  the   void    space    beyond,    and   out    of 
which  they  do   pass   into  that  void   space  whenever  the  circum- 
stances favor  their  doing  so.     This  stratum   of  the  atmosphere 
is  of  great  depth,  partly  on  account  of  the  tenuity  of  the  atmos- 
phere in  its  up[)er  regions,  and  ]mrtly  because  of  the  excessively 
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small  ratio  wiiich  the  space  occupied  by  the  molecules  in  those 
regions  holds  to  the  unoccupied  space,  which  greatly  lengthens 
the  free  paths.  The  molecules  which  j)ursue  their  long  parabolic 
trajectories  within  this  outermost  layer,  sometimes  making 
excursions  into  the  void  sjxice  beyond,  find  themselves  under 
very  different  circumstances  in  different  parts  of  it,  and  these 
various  circumstances  when  taken  together,  as  they  must  be  in 
order  that  the  cubes  AFmay  be  of  sufficient  size,  constitute  a 
condition  of  gas  complex  and  altogether  remote  from  that  which 
is  essential  to  the  proof  of  Maxwell's  law.  Accordingly, 
throughout  this  dee})  outer  layer,  throughout  the  neighboring 
parts  of  the  void  space  beyond,  and  throughout  such  under- 
lying strata  of  the  atmosphere  as  are  sensibly  affected  by  it  — 
in  fact  throughout  the  whole  of  the  upper  region  of  the  atmos- 
phere— Maxwell's  law  fails  to  represent  the  actual  distribution  of 
molecular  speeds.  At  the  same  time  no  escape  of  gas  from 
an  atmosphere  takes  place  except  what  is  owing  to  the  events 
which  happen  in  these  very  regions.  All  the  numerical  results, 
therefore,  which  have  been  reached  by  employing  Maxwell's 
formula,  we  must  unfortunately  expect  to  be  wide  of  the  truth. 
We  can,  nevertheless,  make  a  certain  amount  of  use  of  Mr. 
Cook's  results.  Maxwell's  law  may  be  looked  at  from  another 
point  of  view.  The  physical  events  with  which  it  deals  are  these  : 
when  an  abnormal  speed  develops  itself  in  any  molecule  (and 
we  shall  find,  in  the  second  part  of  this  paper,  that  such  speeds 
develop  themselves  several  times  in  each  second  in  eVery  mole- 
cule of  the  air  at  the  bottom  of  the  Earth's  atmosphere) ,  then 
if  the  crowding  of  the  molecules,  the  size  of  the  target  which 
each  presents  to  the  rest,  and  the  duration  of  the  time  A/,  are 
sufficient  to  make  it  probable  that,  in  a  sufficiently  great  majority 
of  cases,  the  molecules  so  affected  shall  subsequently  meet  with 
encounters  so  numerous  and  of  such  a  kind  as  will  knock  the 
abnormality  out  of  them  before  the  expiration  of  the  time  A/ — in 
sjich  cases,  and  if  the  gas  be  gas  of  uniform  density,  the  out- 
standing deviations  of  speed  above  and  below  that  speed  which 
Maxwell  calls  the  velocity  of  mean  square,  will  be  nearly  those 
which  are  represented  by  Maxwell's  law. 
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On  the  other  h.iiul,  where,  as  near  the  boundary  of  an  atmos- 
phere, an  opportunitv  is  afforded  to  molecules  in  which  an 
abnormal  speed  springs  up,  to  place  themselves  beyond  the 
reach  of  those  subsequent  encounters  which  would  tone  it  down  ; 
or  in  those  cases  where  the  volume  of  AF  is  too  small  for  a 
sufficiency  of  such  encounters,  as  hajjpens  in  the  small  swarms 
w^hose  behavior  we  study  in  the  tobacco-smoke  observation  ;  or 
where  from  anv  other  cause  there  is  an  insufficiency  of  those 
encounters  which  eliminate  anomalies  :  in  all  cases  of  any  of 
these  kinds  the  larger  deviations  of  speed  will  not  have  been 
sufficiently  toned  down  for  Maxwell's  law,  but  will  grow  to  be 
more  numerous,  of  larger  amount,  occasionally  more  concurrent, 
and  so  on,  than  that  law  would  tolerate. 

This  is  manifested  at  one  extreme  by  the  consequent  effect 
upon  suspended  flakes  of  smoke,  and  at  the  other  extreme  it 
occasions  an  outflow  of  molecules  from  an  atmosphere  greater 
than  that  which  would  prevail  if  Maxwell's  law  held  good  in 
respect  to  the  part  of  the  atmosphere  which  emits  these  mole- 
cules. Thus  the  numbers  obtained  by  Mr.  Cook's  method 
of  investigation  are  of  use  by  furnishing  a  rate  of  escape  of  gas 
which  we  know  that  the  real  rate  of  escape  must  exceed.  This 
in  itself  is  valuable  information,  and  it  would  be  very  important 
information  if  we  had  no  better  way  of  investigating  the 
problem. 

In  another  respect,  not  vet  taken  into  account,  the  constitu- 
ent gases  of  an  atmosphere  are  exposed  in  its  upper  regions  to 
conditions  which  further  facilitate  the  escape  of  gaseous  mole- 
cules from  planets  and  satellites  ;  namely,  owing  to  interchanges 
of  energy  between  the  internal  events  which  go  on  w-ithin  the 
molecules,  and  their  motions  of  translation  amongst  one  another. 
But  this  branch  of  the  subject  is  postponed,  as  it  involves  the 
consideration  of  details  which  are  to  form  the  subject-matter  of 
the  second  part  of  this  paper,  and  which  it  is  hojjed  will  throw 
much  light  upon  several  of  the  matters  already  partly  discussed 
in  the  preceding  pages. 


TIIK  TEMPERATURE  CONTROL   OF  THE   MILLS 
SPECTROGRAPH. 

By  W.  W.  C  A  M  p  B  E  1. 1,. 

The  great  inij)ortance  of  the  temperature  factor  in  spectro- 
graphic  investigations  is  recognized  by  all  observers.  Variations 
in  the  temperature  of  the  apparatus,  and  especially  of  the  dense 
])risms,  during  the  progress  of  an  exposure,  affect  both  the  defi- 
nition and  the  deviation.  As  previously  stated  in  this  Journal 
(8,  140),  the  Lick  Observatory  is  comparatively  free  from  rapid 
changes  of  temperature.  It  is  seldom,  after  9  o'clock,  that  the 
thermometer  readings  in  the  large  dome  change  a  half  degree 
Centigrade  during  exposures  of  an  hour.  In  order  to  protect  the 
Mills  spectrograph,  to  a  considerable  extent,  from  irregularities 
in  the  atmospheric  temperature,  and  from  the  heat  of  the 
observer's  breath  and  body,  the  entire  instrument  was  covered 
with  two  thicknesses  of  heavy  gray  woolen  blanket,  and  the 
prism-box  with  four  thicknesses.  A  large-scale  thermometer 
was  mounted  with  its  bulb  inside  and  near  the  middle  of  the 
prism-box.  In  a  general  way,  the  temperature  of  the  air  in  the 
prism-box  followed  the  temperature  outside  of  the  blankets  ;  but 
the  irregularities  in  the  latter  were  rounded  off  in  the  former. 
The  rate  of  change  in  the  glass  prisms  themselves  was  probably 
even  more  uniform. 

For  more  than  a  year  past  the  spectograph  has  been  still 
further  protected  against  temperature  changes  by  completely 
inclosing  it,  save  for  the  slit  and  guiding  telescope,  in  a  box  con- 
structed of  slowly-conducting  material.  The  arrangement  is 
shown  in  Plate  V.  One  half  of  the  box  is  in  place  on  the 
instrument ;  and  the  other  half,  shown  near  the  floor,  fits  against 
and  into  this  by  "  tongued  and  grooved  "  joints.  The  two  halves 
are  held  together  by  five  large  hooks-and-eyes.  The  box  is  of 
j'^g  inch  Spanish  cedar,   lined   throughout   with  I  inch   hair   felt. 
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The  whole  weight,  thirty-five  pounds,  is  supported  on  the  upper 
section  of  the  steel  framework.  It  does  not  touch  the  spectro- 
graph at  any  point.  The  free  spaces  between  the  guiding  telescope 
and  tiic  box,  and  around  the  steel  rods  at  the  upper  end,  are 
closed  by  means  of  felt  pads.  A  thermometer  mounted  on  the 
inner  surface  of  the  box,  and  the  thermometer  in  the  prism-box 
can  both  be  read  through  glass  windows,  to  ^^°  Centigrade.  A 
hinged  door  gives  access  to  the  plate-holder,  and  to  the  sliding 
diaphragm  which  controls  the  exposures  on  the  brightest  com- 
parison  lines.     The  woolen  coverings  remain  in  use  as  before. 

German  silver  wire  —  B.  &  S.  No.  29,  16)^  feet  in  length  in 
each  half  of  the  box  —  is  mounted  near  the  surface  of  the  felt. 
This  wire  is  readily  connected  with  a  lo-volt  storage  battery, 
and  furnishes  the  means  of  controlling  a  falling  temperature. 

Care  is  taken  to  ventilate  the  dome  and  spectrograph,  during 
the  dav  and  early  evening,  so  that  at  dark  the  readings  of  the 
thermometers  in  the  prism-box,  in  the  protecting  box,  and  in  the 
open  dome,  generally  show  a  range  of  about  o?5  ;  and  the  read- 
ing in  the  dome  will  usually  var}-  less  than  2^  during  the  night. 
After  the  adjustments  have  been  made,  the  spectrograph  is 
inclosed  in  the  blankets  and  in  the  box,  and  allowed  to  (stand 
from  fifteen  to  thirty  minutes,  until  the  temperatures  in  the 
prism-box  and  in  the  wooden  case  are  partially  equalized,  before 
beginning  an  exposure.  The  equalizing  process  is  apparent  from 
the  fact  that,  while  the  dome  temperature  is  usually  stationary 
or  slowly  falling,  the  temperature  in  the  wooden  case  invariably 
rises  to  meet  that  of  the  prism-box. 

The  observer  notes  the  reading  of  the  thermometer  in  the 
wooden  case  —  shown  just  above  the  guiding  telescope  —  and 
endeavors  to  keep  it  constant  by  means  of  the  electric  current, 
which  he  controls  with  a  switch  near  at  hand.  The  tempera- 
tures in  the  case  respond  slowly  to  those  outside,  and  rather 
rapidly  to  the  influence  of  the  current.  Some  irregularities 
necessarily  exist  in  these  temperatures ;  but  their  effects  are 
rounded  off  before  reaching  the  prism-box,  and  are  scarcely 
appreciable. 
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The  efficiency  of  the  ai^paratus  is  illustrated  by  the  following 
extract  from  the  observing  books,  on  a  night  when  the  tcmj^era- 
ture  changes  in  the  dome  were  unusually  irregular.  The  read- 
ings were  made  at  the  beginning  and  ending  of  the  exposures  : 


Plate 
number 


Limits  of  exposure 
time.  Mt.  Hamilton 
M.T.  1899,  Aug.  29 


Temp,  in 
dome 


Temp,  in 
wooden  box 


Temp,  in 
prism -box 


1433  A 

1434  1^ 
M35C 
1436D 
1437  A 


8" 

28 

10 

02 

10 

24 

1 1 

00 

II 

31 

13 

07 

13 

38 

15 

15 

15 

32 

lb 

09 

+  I7?9C. 

18.5 

17.2 
19.0 


+  i8?4C. 
18.9 

18.8 
19.0 

19.0 
19.0 

18.7 

18.8 

18.8 
19.0 


-|-l8?84C. 
18.80 

18.78 
18.80 

18.80 
18.80 

18.70 
18.70 

i«.74 
18.74 


An  automatic  control  of  the  current  could  be  arranged,  but 
the  need  of  it  has  not  been  seriously  felt.  Such  a  control  should 
be  independent  of  the  variable  component  of  gravity  in  the  dif- 
ferent positions  of  the  instrument. 

No  provision  has  been  made  for  reducing  a  rising  tempera- 
ture which  sometimes  occurs.  It  is  possible  that  a  spray  of 
some  volatile  liquid  within  the  wooden  case  would  be  efficient 
and  })racticable. 

The  use  of  this  box  and  the  controlling  current  has  contrib- 
uted appreciably  to  the  accuracy  of  our  line-of-sight  determina- 
tions. 

Acknowledgments  are  due  to  Mr.  Wright  for  many  of  the 
ideas  utilized  ;  and  to  Professor  Cory,  of  this  University,  who 
verified  the  computations  for  the  thermal  system  and  supplied 
the  constants  of  the  wire. 

Lick  Observatory, 

University  of  California, 

March  1900. 


ox  THE  ORIGIN  OF  CERTAIN  UNKNOWN  LINES  IN 
THE  SPECTRA  OF  STARS  OF  THE  /3  CRUCIS  TYPE, 
AND  ON  THE  SPECTRUM  OF  SILICON.' 

By  Jose  vn  Lunt. 

In  a  recent  paper  "On  the  presence  of  Oxygen  in  the  Atmos- 
pheres of  certain  Fixed  Stars,"  ^  Dr.  Gill  calls  attention  to  three 
unknown  lines  in  the  spectra  of  yS  Criicis,  e  Catiis  Majoris,  and 
stars  of  their  type,  viz.,  wave-lengths  4552.79,  4567.09,  4574.68. 

Mr.  McClean  had  previously  also  recorded  these  lines  in  his 
measures  of  the  spectrum  of  ^  Crucis^  as  wave-lengths  4552.6, 
4567.5,  4574.5,  but  beyond  pointing  out  the  approximate  coin- 
cidence of  the  first  of  these  with  lines  due  to  barium  or  titanium, 
he  assigns  no  origin  to  them. 

Sir  Norman  Lockyer  frequentlv  records  them  as  unknown 
lines.  In  his  recent  paper  "On  the  appearance  of  the  Cleveite 
and  other  New  Gas  Lines  in  the  Hottest  Stars"  (June  i897),'* 
he  records  all  three  lines  as  unknown.  The  first  occurs  in  a  map 
of  the  spectrum  ot  Bellatrix  as  a  line  in  a  probably  new  series 
found  by  Dr.  W.  J.  S.  Lockyer.  The  second  and  third  lines, 
given  as  4566.8  and  4574.8,  occur  in  a  Table  of  Lines  which 
Sir  Norman  regards  as  belonging,  with  high  probability,  to 
gaseous  substances  which  have  yet  to  be  discovered. 

It  will  be  noticed  that  the  connection  existing  between  the 
three  lines  is  not  there  recognized. 

In  none  of  the  Tables  of  Wave-Lengths  available  for  refer- 
ence at  the  Cape  could  any  satisfactory  clue  be  obtained  as  to 
the  origin  of  the  lines. 

During  some  experiments  made  with  a  view  to  securing  the 
best    elementary    line    spectrum    of     oxygen    as    a    comparison 

'  Proc.  K.  Soc,  66,  44-50,  December  1899. 

^ Proc.  R.  Soc,  65,  205";  this  Journal,  10,  272,  1899. 

'i Spectra  of  Southern  Stars  (Stanford,  1898),  p.  13. 

*  Proc.  R.  Soc,  62,  60. 
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spectrum  for  stars  of  tiic  /3  Cnicis  type,  I  found  tliat  a  tube  of 
carbon  dioxide  gave  the  best  results,  being  freer  from  impurities, 
and  giving  stronger  oxygen  lines  than  any  of  the  oxygen  tubes 
at  my  disposal.  By  the  use  of  a  jar  and  air  gap  in  the  second- 
ary circuit  of  the  coil  the  gas  was  dissociated,  and  gave  the 
spectra  of  carbon  and  oxygen.  During  use,  the  carbon  dioxide 
tubes  became  more  vacuous,  and,  with  a  view  to  obtaining  a 
brighter  discharge  and  shorter  exposure,  I  passed  the  induced 
current  from  an  18-inch  Apjjs'  coil,  using  four  large  jars  and  an 
air  gap. 

Whilst  using  these  electrical  conditions,  I  happened  to  expose 
an  argon  tube  marked  2  mm  (pressure),  and  on  developing  the 
photograph  was  much  surprised  to  find  that  it,  too,  gave  the 
well-recognized  lines  of  oxygen.  Stronger  than  these  I  at  once 
noticed  two  lines  at  the  green  end  of  the  spectrum,  which 
recalled  the  lines  in  ^  Cnicis,  which  were  unknown  terrestrially, 
whilst  the  expected  argon  spectrum  was  almost  entirely  absent. 

On  comparing  the  negative,  film  to  film,  with  one  of  fi  Cnicis, 
and  allowing  for  the  difference  of  temperature  conditions  under 
which  the  two  negatives  were  taken,  the  identity  of  the  three 
unknown  lines  in  /S  Cnicis  with  three  lines  on  the  argon  negative 
was  at  once  apparent,  and  a  subsequent  photograph  of  the  spec- 
trum of  e  Canis  Majoris,  in  which  the  argon  tube  was  used,  as 
stated,  as  a  comparison  spectrum,  established  their  absolute 
identity  both  as  regards  position  and  relative  intensitv. 

It  was,  therefore,  evident  that  a  terrestrial  source  of  the 
three  unknown  lines  had  been  discovered,  and  with  the  behavior 
of  the  carbon  dioxide  tube  fresh  in  mind,  and  the  replacement 
of  the  argon  spectrum  by  unknown  lines  and  those  of  oxygen  by 
use  of  a  highly  disruptive  spark,  it  is  not  surprising  that  an 
obvious  startling  explanation  as  to  the  nature  of  the  element  thus 
found  terrestrially  should  have  suggested  itself. 

It  was  at  first  assumed,  erroneously  as  it  afterwards  proved, 
that  the  origin  of  the  unknown  lines  lay  in  the  gaseous  contents 
of  the  argon  tube.  Four  argon  tubes  in  succession  gave  preciselv 
the    same    results,  viz.,  the  argon   spectrum    with   an    ordinary 
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discharge  and  the  unknown  lines  and  oxygen,  together  with  the 
disappearance  of  the  argon  spectrum,  as  a  result  of  using  the  jars 
and  air  gap.  On  coninuinicating  these  results  to  Dr.  Gill,  he  at  once 
interested  himself  in  the*  matter,  and  gave  every  facility  for  a 
further  prosecution  of  the  incpiiry.  He  remembered  that  Pro- 
fessor Ramsay  had  furnished  him  with  a  specimen  tube  of  pure 
argon,  and  this  tube  had  not  been  examined.  On  trying  this 
tube  under  the  same  conditions  as  the  others,  it  was  found  to  give 
the  argon  spectrum  under  all  conditions.  Neither  the  unknown 
lines  nor  oxygen  made  their  appearance,  even  when  the  most 
intense  disruptive  spark  available  was  employed. 

The  first  four  tubes  had  aluminium  electrodes,  whilst  Pro- 
fessor Ramsay's  tube  had  platinum  electrodes,  and  was  more 
vacuous  and  much  shorter. 

A  pair  of  aluminium  electrodes  was  then  taken  from  a  vacuum 
tube,  and  a  spark  between  the  metal  terminals  in  air  was  next 
examined,  with  the  result  that  the  unknown  lines  were  not  found. 
A  line  appeared  very  approximately  in  the  same  position  as  the 
strongest  of  the  three  lines,  but  this  was  only  one  of  the  numer- 
ous air  lines,  and  was  due  to  nitrogen  (4552.6  Neovius).  There- 
fore, the  electrodes  of  the  argon  tubes  did  not  account  for  the 
unknown  lines. 

On  a  further  examination  of  the  negatives,  the  H  and  K  lines 
of  calcium  were  recognized  in  the  spectra  of  the  argon  tubes 
subjected  to  the  highly  disruptive  spark,  pointing  to  the  fact  that 
the  lime  of  the  glass  was  being  volatilized. 

This  fact  alone  might  account  for  the  jnesence  of  the  oxygen 
lines  in  the  spectra,  and  the  materials  of  the  glass  were  then 
suspected  as  being  the  origin  of  the  lines  under  consideration. 

A  tube  of  pure  helium,  kindly  furnished  to  Dr.  Gill  by  Pro- 
fessor Ramsay,  was  next  examined,  and,  with  much  surprise, 
this  was  found  also  to  behave  exactly  as  the  first  argon  tubes  had 
done. 

With  an  ordinary  discharge  it  gave  the  J5ure  helium  spectrum, 
but  with  the  highly  disruptive  discharge  the  helium  spectrum 
vanished  entirely,  and  was  replaced  by  the  unknown  lines  and  the 
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spectrum  of  oxygen.  The  helium  spectrum  could  be  obtained 
at  will  bv  reverting  to  the  ordinary  discharge. 

This  helium  tube  had  platinum  electrodes,  and  these  last 
observations  finall}'  banished  any  idea  that  the  gaseous  contents  of 
the  tubes  or  the  metallic  electrodes  could  be  the  origin  of  the 
substance  searched  for,  and  the  conclusion  that  the  glass  of  the 
tubes  contained  the  substance  sought  was  now  irresistible.  Yet 
in  some  of  the  spectra  from  the  helium  tube,  the  H  and  K  lines 
of  calcium  were  absent  when  tlrose  of  oxygen  were  present, 
showing  that  the  lime  of  tlie  glass  did  not  necessarily  account 
for  the  presence  of   oxygen. 

After  various  fruitless  experiments,  sparks  were  taken  between 
the  platinum  terminals  of  a  broken  up  vacuum  tube  on  which 
still  adhered  some  of  the  blue  fusible  glass,  commonly  used  in 
sealing  in  platinum  wire  in  glass.  The  spectrum  of  this  spark  in 
air  showed  the  unknown  lines. 

Beads  of  glass  made  from  ordinary  soda  glass  tubing,  were 
then  fused  on  platinum  wires,  and  the  spark  from  these  was 
examined.  The  unknown  lines  again  appeared.  The  substance 
sought  was  now  strongly  suspected  to  be  the  element  silicon. 
The  siliceous  diatomaceous  earth  "kieselguhr"  was  next  used  as 
the  most  convenient  source  of  silica,  and  beads  of  sodium  sili- 
cate were  made  by  fusing  this  material  with  sodium  carbonate  on 
platinum  w^ire.  The  result  of  the  examination  of  the  spark  was 
that  the  unknown  lines  were  again  found.  The  next  step  was  to 
replace  the  kieselguhr  by  pure  rock  crystal  obtained  from  the 
South  African  Museum  by  Dr.  Gill.  Sodium  silicate  made  from 
the  pure  rock  crystal  also  furnished  the  unknown  lines,  whilst 
the  sodium  carbonate  alone  failed  to  give  them. 

These  experiments  left  little  room  for  doubt  that  the  element 
sought  was  silicon.  Nevertheless,  it  was  very  desirable  to  con- 
firm the  result  in  another  way,  by  examining  the  spectrum  of  a 
gaseous  siliceous  compound. 

Platinum  wires  were  sealed  into  the  ends  of  a  piece  of  wide 
glass  tubing,  |  inch  internal  diameter,  the  ends  of  the  wires  leav- 
ing a  gap  of  only  |  inch  for  the  passage  of  the  spark.     The  tube 
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was  also  furnished  with  ;in  inlet  and  outlet  tube  for  the  gas.  No 
cai)illary  tube  was  used  in  order  to  avoid  the  hot  spark  comint,^ 
into  direct  contact  with  glass.  The  tube  was  then  filled  with 
silicon  tctrafluoride,  antl  after  the  gas  had  been  passing  for  some 
time,  it  was  sealed  off  at  atmospheric  pressure. 

An  ordinary  discharge  passed  through  the  gas  without  jars 
or  air  gap  gave  a  banded  spectrum  of  the  compound  itself. 

The  disruptive  discharge  obtained  by  using  four  jars  and  an 
air  gap,  at  once  gave  the  unknown  lines,  which  were  thus  proved 
to  be  undoubtedly  due  to  silicon. 

This  silicon  spectrum  was  not  accompanied  by  that  of  oxy- 
gen, thus  proving  that  it  could  not  be  due  to  any  dissociation  of 
the  silica  of  the  glass,  and  that  in  this  case,  the  gaseous  contents 
of  the  tube  and  not  the  tube  itself  furnished  the  lines  under  con- 
sideration. 

Sir  Norman  Lockver's  papers  were  then  consulted  for  any 
reference  to  the  presence  of  silicon  in  stars,  and  it  is  necessary 
to  refer  in  some  detail  to  his  observations.  It  is  evident  that  he 
has  used  similar  powerful  disruptive  discharges  with  vacuum 
tubes,  and  obtained  partial  decomposition  of  the  glass,  for  he 
says:'  "The  use  of  the  spark  with  large  jars  in  vacuum  tubes 
results  in  the  partial  fusion  of  the  glass,  and  the  appearance  of 
lines  which  have  been  traced  to  silicium." 

Unfortunately  he  does  not  give  the  wave-lengths  of  the  Imes 
thus  traced  to  silicon,  and  from  his  statement  alone,  one  would  sur- 
mise that  the  origin  of  the  three  lines  was  recognized  by  Lockyer. 

There  is  evidence,  however,  i)i  the  same  paper  that  he  cannot 
have  traced  the  lines  in  question  to  silicon  notwithstanding  the 
above  statement,  because,  as  previously  pointed  out.  Sir  Norman 
regards  two  of  the  lines  as  belonging  to  gases  yet  undiscovered, 
and  includes  them  in  a  table  of  wave-lengths  of  lines  due  to 
unknown  gases. 

The  other  line  he  also  includes  as  an  unknown  line  in  Bella- 
trix,  and  Dr.  \V.  J.  S.  Lockyer  places  this  as  a  member  of  a 
probably  rhythmic  scries  due  to  an  unknown  substance. 

'  Proc.  K.  Soc,  62,  65,  1897. 
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It  is  a  curious  fact  that  Hartley  aiul  Adcney,  and  luicr  and 
Valcnta,  who  alone  give  us  any  extended  list  of  lines  due  to  sili- 
con, appear  not  to  have  examined  the  spectrum  of  this  element 
in  the  region  of  the  three  lines  here  considered.  Their  published 
wave-lengths  show  only  lines  in  the  extreme  ultra-violet,  and 
the  majority  of  them  are  ([uite  outside  the  region  which  can  be 
examined  by  the  McClean  star  s{)ectroscope. 

W'atts's  Index  of  Spectra  (Aj)j)endix  E,  p.  21)  records  a  line 
at  4566  (Salet),but  no  lines  appear  corresponding  to  4552.79 
and  4574.68. 

Sir  Norman  Lockyer'  regards  two  lines  at  4128.6  and  41  31.4 
as  the  most  conspicuous  enhanced  lines  of  silicon  ;  indeed  these 
two  lines  are  the  only  silicon  lines  he  labels  Si  in  his  published 
photographs.  Eder  and  Valenta  give  41 3 1.5  and  4126.5  as  the 
least  refrangible  on  their  list,  and  although  there  is  a  rather 
excessive  discrepancy  in  the  wave-lengths  of  one  of  the  lines, 
they  are  probably  the  same  pair  of  lines.  They  are  shown  in 
Lockyer's  photographs  of  the  spectra  of  a  Cygni  and  Sirius'^  and 
also  of  a  Cygni  and  Rigel? 

It  is  a  remarkable  fact  that  these  three  stars,  which  may  be 
considered  as  amongst  the  best  examples  of  silicon  stars  in  the 
light  of  the  spectrum  of  silicon  hitherto  known,  do  not  shozv  the 
three  silicon  lines  which  are  so  prominent  in  /3  Criicis,  e  Catiis 
Majoris,  etc.  Scheiner  has  measured  the  spectra  of  all  three 
stars  +  in  this  region,  but  does  not  record  the  lines  in  his  table 
of  wave-lengths. 

Their  absence  from  the  spectra  of  these  stars  (as  well  as  the 
presence  of  Lockyer's  enhanced  silicon  lines)  is  fully  confirmed 
by  photographs  taken  here  with  the  special  object  of  searching 
for  the  new  silicon  lines  in  the  best  known  silicon  stars. 

This  can  be  readily  understood  in  the  light  of  the  experi- 
ments with  the  tube  of  silicon  tetrafluoride. 

With  the  highest  disruptive  spark,  Lockyer's  silicon  lines 
4128.6   and    4131.4    are    much    enhanced  as   compared  with   the 

^  Proc.  R.  Soc,  61,  443,  1897.  3  Pkil.  l^ans.,  A  (1893),  plate  2. 

^  Proc.  R.  Soc,  65,  191.  ^Scheiner's  Astronomical  Spectroscopy. 
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lines  4552.79,  4567.09,  4574.68,  and  it  was  found  possible  by 
suitable  exposure  to  obtain  the  two  enhanced  lines  without  the 
presence  of  the  other  three  lines  becoming  evident. 

The  latter  lines  would  be  much  more  rapidly  obliterated  in 
the  absorption  spectra  of  stars,  than  in  the  bright  line  spectrum 
from  the  tube,  and  therefore  their  absence  from  certain  stars  in 
which  the  enhanced  lines  are  strong  need  not  occasion  much 
surprise. 

In  other  stars,  however,  all  five  lines  are  present.  Lockyer 
has  recorded  them  in  Bellatrix  and  their  presence  has  been  con- 
firmed by  photographs  of  the  spectrum  of  this  star  taken   here. 

Mr.  McClean  has  measured  all  five  lines  in  /S  Criicis,  where 
Lockver's  enhanced  silicon  lines  are  certainly  not  so  conspicuous 
as  the  lines  4552.79  and  4567.09. 

The  same  may  be  said  of  e  Cajiis  Majoris,  in  which  star  the 
new  silicon  lines  are  very  prominent,  \\hilst  the  enhanced  lines 
are  verv  faint. 

In  the  silicon  spectrum  from  the  argon  and  helium  vacuum 
tubes,  the  enhanced  lines  noted  by  Lockyer  are  by  no  means  so 
prominent  as  they  are  in  the  silicon  spectrum,  obtained  from 
silicon  tetrafluoride  with  the  intense  disruptive  spark.  It  is  evi- 
dent, therefore,  that  great  variations  in  the  relative  intensities  of 
the  silicon  lines  occur  in  stellar  spectra,  and  that  such  variations 
can  be  produced  to  a  certain  extent  in  the  laboratory,  and  these 
require  further  investigation. 

The  behavior  of  the  silicon  lines  will  give  us  valuable  data 
for  the  elucidation  of  the  problem  of  relative  stellar  tempera- 
tures. 

It  is  clear  that  if  we  regard,  with  Lockyer,  the  lines  4128.6 
and  4 1 3  1 .4  to  be  the  enhanced  lines  of  silicon,  and  their  presence, 
enhanced,  to  be  a  criterion  of  a  higher  temperature  than  occurs 
in  stars  where  these  lines  are  7wt  enhanced,  it  must  follow  that 
such  stars  as  a  Cygni,  Rigel,  and  Sinus  are  hotter  than  Bellatrix, 
^  Crucis,  and  e  Ca?iis  Majoris.  Whereas  Lockyer'  in  his  most 
recent   paper  "On   the   Chemical    Classification   of    the   Stars" 

'  Proc.  A'.  Soc,  65,  189. 
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(April  1899),  regards  tlie  so-called  "Crucian"  stars  as  at  a 
higher  temperature  than  the  "Rigelian"  and  "Cygnian,"  and 
indeed  he  regards  Bellatrix  "as  a  type  of  the  hottest  stars,  excep- 
tion being  made  of  i^  Puppis." 

Of  the  other  lines  recorded  by  Eder  and  Valenta'  as  due  to 
silicon,  3905.4,  3862.5,  and  3855.7  are  present  both  in  the  spectra 
of  the  dissociated  glass  and  in  the  high  temperature  spectrum  of 
silicon  obtained  from  the  silicon  tetrafluoride  tube. 

They  are  enhanced  lines  in  the  latter  case,  occurring  together 
with  Lockyer's  enhanced  lines  in  the  absence  of  the  three  new 
silicon  lines,  but  they  lie  outside  the  region  measured  by 
Scheiner  in  a  Cygni,  Siriiis  and  Rigel. 

In  the  Harvard  "Spectra  of  Bright  Stars''^  the  two  latter 
lines  are,  however,  specially  noted  in  Rigel  2iS  3863.2  and  3856.2 
as  "conspicuously  strong  in  the  ultra-violet,"  whilst  all  three  are 
recorded  (3905.6,  3863.2,  3856.2)  in  stars  of  Groups  VI  to  VIII 
(Harvard),  com])rising  a  Cygni,  Sirius,  and  Rigel.  They  would 
thus  appear  in  these  stars  to  accompany  the  enhanced  silicon 
lines,  especially  noted  by  Lockyer,  viz.,  4128.6  and  413  1.4. 

The  lines  3834.4  and  3836.7  recorded  by  Eder  and  Valenta 
are  not  present  in  any  of  the  photographs  of  silicon  spectra,  and 
may  possibly  be  due  to  impurities. 

The  lines  3795.9  and  379 i.i  recorded  by  Eder  and  Valenta 
are  present  in  all  the  silicon  photographs,  but  do  not  become 
enhanced  at  high  temperatures.  There  is,  however,  a  third  line, 
approximately  X  3807,  not  recorded  by  them,  but  which  appears 
in  all  the  photographs  of  silicon  spectra.  It  is  stronger  than 
3795.9  and  379 1. 1,  and  does  not  become  enhanced  with  high 
temperature.  All  three  lines  accompany  the  three  new  silicon 
lines  in  e  Catiis  Maioris. 


'  Watts,  Index  of  Spectra. 

^ Harvard  Annals,  28,  Part  I,  Table  7,  p.  23. 


ON  THE  MAGNITUDES  OF  919  FIXED  STARS  DETER- 
MINED FROM  SEQUENCES  OBSERVED  BY  SIR  JOHN 
HERSCHEL  DURING  THE  YEARS    1835  TO    1838. 

II. 

By  \V.  Dob  E  Rc  K. 

TABLE  III. 

Catalogue  of  mean  magnitudes  of  stars  observed  by  Herschel,  and  reduced 
bv  aid  of  the  Uranomelria  Argentina. 


No. 


I 
2 
3 
4 
5 
6 

7 
8 

9 
10 
II 
12 
13 
14 
15 
16 

17 
iS 

19 
20 
21 
22 

23 
24 

25 
26 

27 
28 
29 
30 
31 
32 
33 
34 
35 


Name 

0  Andromedae. 
k}  Sciilptoris .  .  . 
e  Plioenicis.  . . . 
K^  Sculptoris. .  . 

7  Peg~.si 

i"  Toucani.  . .  . 
t  Sculptoris. .  . . 

1  Toucani .  . . . 

P  Hydri 

K  Phoenicis. .  . . 
a  Plioenicis. . . . 

Lac.  106 

\'  Phoenicis. . . 
/3  Toucani. . . . 

Lac.  12^ 

(I  Phoenicis  . . . 

p  Toucani 

^Ce/i 

1)  Phoenicis  . . . 

^'  Ceti 

Lac.  igj 

18  Ceti 

Lac.  203 

LI.  134Q 

<^'  Ceti. 

p  Phoenicis. . . . 

<p^  Ceti 

(f>*  Ceti 

a  Sculptoris . . . 

27  Ceti 

28  Ceti 

/3  Phoenicis. . . 

JO  Ceti 

17  Ceti 

f  Phoenicis. . . . 


R.A. 


1-9 
30 

31 
5-2 
6.8 

13-5 
15.2 
18. 5 
19. 1 
20.0 
20. 1 
24. 1 
25.4 
25.8 
27.5 
35-4 
37  I 
37-3 
o  37-7 
0  37-9 
38.6 
39-2 
40.0 
43-2 
43-9 
45.0 
49.7 

52.5 
52.6 

59-3 
59.8 
0.5 
1-5 
2.3 
31 


+28  24 
—28  41 
— 46  26 
— 28  30 
+24  29 
—65  37 
—29  40 
—72  47 
—77  57 
—44  22 
—42  59 
—24  29 
—49  30 
—63  39 
—30  15 
— 46  46 
—66  9 
— 18  40 

-58  9 
— II  17 
— 22  42 
—13  33 
— 23  12 
—14  14 
— II  19 
—51  40 

—II  57 
—12  3 
—30  2 
—10  39 
—10  31 
—47  23 
— 10  27 
— 10  51 
—55  55 


4-5 
4.1 

3-1 
4.1 


U.A. 


S.M.P. 


4.0 


4-5 
5.6 

2.9 
4.1 

2-5 

5-1 
3-9 
6.0 

4-9 
5.8 

4-7 


5-4 
4-7 
3-4 
4.2 


w. 


4.0 


4.1 
4.1 

3-2 

4.0 
2.7 

4.8 

4.0 
4.9 


3-4 


Mean 


3-96 


4-31 
cum. 

4-03 
2.49 

4.86 

6.01 
4.89 

2.26 
var.? 


3-33 
4. II 


•J70 


MAGNITUDES  OF  gig  STARS 
TABLE  lU— Continued. 


271 


No. 


36 

37 
3« 
39 
40 

41 
42 

43 
44 
45 
46 

47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 

67 
68 
69 
70 

71 
72 

73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 

87 


Name. 


37  Ceti  ■ 
K  Toucaiii . 
Polaris .... 

d  Ceti 

4b  Ceti . . . . 
7  Phoenicis 

48  Ceti 

Br.  214  . .  . 
Br.  J  IS  ■  .  . 
5  Phoenicis 
LI.  284S... 
T  Sculptoris 
a  PlriJam. 
IJ.3137.  .. 

T  Ceti 

e  Sculptoris 

X  Ceti 

f  Ceti 

a.  347q  . .  . 
/3  Arietis. . . 
\//  Phoenicis 
T^  Hydri  . . 
<()  Phoenicis 
j6  Ceti . .  . . 
X  Eridani . 
if  Hydri  .  . 
Lac.  383  . . 
37  Ceti 

V  Ceti 

a  Hydri .  .  . 
a  Piscitini  . 
IT  Fornacis. 

V  Fornacis. 
a.  Arietis  .  . 
(J.  Fornacis . 
67  Ceti .... 
0  Eridani. 

0  Ceti.  . .  . 
LI.  43q6  .  .  . 
LI.  4466 .  . . 
3  Hydri .  .  . 

p  Ceti 

f=  Ceti  .... 
K  Eridani  . 
LI.  468/  .  .  . 
73  C.'ti.... 

a  Ceti 

w  Fornacis. 

5  Ceti 

e  Ceti 

s  Eridani  . 

1  Eridani  . 


R.A. 


8.1 

II-5 
13.0 
17.8 
19.5 
22.9 
23.6 
25.7 
25-9 
26.0 
27.4 
30.4 
33-0 
35-6 
.38.3 
39.8 
43-4 
45-3 
46.9 

47-7 
48.6 
49.0 
49.2 
50.8 
51. 1 
51-8 
52.2 
53-9 
54.1 
54-8 
55-6 
55-7 
58.9 
0. 1 

7-4 
10.7 
12.0 
13.0 
15.9 
18.2 

19-5 
19.9 
21.5 
22.4 
25.0 
25.8 
26.2 
28.4 
33-1 
33-5 
35-0 
35-7 


Dec. 


—  8   36 

—  69  32 
+88  39 

—  8  50 

—  15  15 
—43  57 
— 22  17 
-30  38 
—30  56 
—49  43 

—  7  40 

—30  33 
—57  52 
— II   56 

—  16  36 
—25  41 
—II  18 
—10  57 
—17  33 
-(-20  II 
—46  55 
—80  48 

—43  7 
—23     8 

—52  14 
—68  16 
—48  o 
— 21  26 
— 21  41 
— 62  II 
+  2   10 

—30  36 
—29  54 
+22  52 

—31   19 

—  70 

—52     5 

—  3  33 
— II  21 

—  16  49 
—69   14 

—  2 
+  7 


51 
54 
-48   17 


+  I 

—  I  35 
-15  48 
—28  47 

—  o  13 
— 12  24 
—43  26 
—40  23 


5-0 


31 
5-4 
6.4 
6.4 
4.1 

5-4 
1 .0 


5.0 


3-8 
4.1 

5.0 


5-0 

4-5 


U.A. 


5-3 
51 


4 
6 

5 
5 
3 
4 
5 
5 
3 
2 

3 
5 
4 

5 
5 
3 
var 

5 
6 

4 


S.M.P, 


5-2 


3-4 

6.1 
4.1 

6.2 
1 .0 


4-3 
6.5 
5-3 

3-7 
4.9 
4.9 


3-0 

5-6 
5-1 

5-6 

3-9 


4.4 


4-5 


5-0 
4.1 


w. 


4.8 


3-5 


4.0 


5-0 

5-0 

3-8 
4.9 
5-1 


2.8 


4.0 


4.0 


4-4 


4-7 
4.2 


Mean 


5  04 


3-38 


4-03 

var.? 
1.03 


3-85 
4.86 
5.09 


2.97 


369 
var. 


4.07 


4.90 
4-23 


'  For  S.M.P.  the  visual  mag.  4.7  was  adopted. 
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IV.  DOBERCK 
TABLE  IW  —  Contimted. 


No. 


88 
89 
90 

91 

92 
93 
94 
95 
9b 

97 

98 

99 

100 

lOI 

102 

103 
104 
105 
106 
107 
108 
109 
no 
III 

112 

113 
114 

"5 

116 
117 
118 
119 

120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 


Name 


7  t  di 

e    llydri.  .. 

M  6V// 

TT  Celi  .... 
t'  Eridani 
Lac.  Sq6  .  . 
^  Hydri. 


t.ridani 

i>  Eridaui 

V  Hydri 

0  Eridani 

p'  Eridani 

a  Ceti 

/3  I/orologii 

p'  Eridani 

t3  Eridani 

Br.  463 

p'  Eridani 

a  Fornacis 

f  Eridani 

Lac.  1031 

Ll.bibi 

T-»  Eriiiani 

e  Eridani 

f  and  f '  Reticuli 

0  Tauri 

J  Tauri 

V  Eridani 

LI.  6335 

e  Eridani 

K  Reticuli 

t5  Eridani 

LI.  666/   

10  Tauri 

20  Eridani 

y  Eridani 

7  Eridani 

5  Eridatii 

/7  Tauri 

LI.  6Q14   

IQ  Tauri 

h  Eridani 

20  7 auri 

22  Tauri 

t\  Tauri 

■K  Eridani 

T*  Eridani 

27  Tauri 

28  7'auri 

t'  Eiridani 

/3  Reticuli 

f  Eridani 


R.A. 


36.8 

37-7 
38.2 
38.2 

39-3 
42.8 
43-6 
45-4 
50.3 
51-3 
53-5 
55.0 

55-7 
56.4 
56.6 
56.9 
57-3 
58.1 
6.7 
9.8 
12.8 
13-0 
13-9 
14.9 
15.2 
18.1 
20.4 
24.4 

25-7 
27.0 
27.2 
28.3 
30.0 

30.5 

30.6 

32.6 

35-2 

37-3 

37-4 

37-6 

37-8 

38.2 

38.4 

38.9 

40. 1 

3  40.2 

3  41-5 

3  41-7 

3  41-7 

3  42.3 

3  42.6 

3  44-0 


Dec. 


+  2  42 
—68  48 
+  9  35 

—  14  23 
— 19  6 
—64  14 
—68  8 
— 21   31 

—  9  24 
—75  35 
— 40  48 

—  8  9 
+  3  36 
—64  34 

—  811 
—24  7 
—64     7 

—  86 
— 29  29 

—  9  17 
—22  58 
—19  I 
—22  13 

—43  33 
— 63  1 
+  8  35 
+  9  18 

—  5  30 
—13  10 

—  9  53 
—63  23 
— 22  3 
—II  37 
+  0  I 
—17  53 
—40  41 

—13  52 
— 10  II 

+23  43 

-10  53 

+24  4 

—37  42 

+23  58 

+23  33 

-1-23  43 

—12  30 

—23  37 

+23  40 

+23  45 

— 24  16 

—65  12 

-38  0 


h. 


3-49 

3 

4.02 

4 

4.44 

I 

4.06 

2 

4-45 

2 

5-72 

I 

4.90 

4 

4.96 

2 

3-90 

3 

5.28 

I 

3.22 

4 

5-90 

I 

2.67 

4 

5-44 

3 

5-77 

I 

4.16 

2 

5-39 

I 

5.68 

I 

3-93 

I 

4.8s 

2 

4.81 

I 

5-72 

I 

3  69 

2 

4.56 

I 

4-97 

3 

3-56 

I 

3-66 

I 

4.91 

I 

5.82 

I 

3-74 

3 

4.91 

3 

4.22 

2 

5-85 

I 

3-96 

I 

5-31 

2 

4-(>3 

I 

3-13 

2 

3-46 

4 

4.42 

I 

5-84 

I 

5-09 

I 

4.71 

3 

4-79 

I 

4-79 

I 

3-13 

I 

4-79 

2 

4.29 

2 

3-90 

I 

5-34 

I 

5-00 

I 

3-99 
4.32 

5 

2 

U.A. 


S.M.P. 


3-8 


5.8 

4-5 
5.0 

4-5 
3-1 


5-0 
3-8 


5-4 

3-8 
5.0 
5.0 


4-5 
4.1 


5-0 


5-4 


3-8 


4-5 
4.1 
5-0 


3-2 
4.2 

4-3 
4.1 

4-5 
6.1 
5-2 
4-9 
3-7 
5-1 
2.6 
6.1 
2.4 
5-2 
5.6 
4.1 

5-3 
3:6 
4.9 

5-3 
5-8 

3-4 
4.4 

51 

3-4 
3-5 
4-7 

3-6 
5.0 
4-5 
5.8 
4-5 
5-3 
4.8 
2.8 
3-3 

5-9 
4.8 


4-7 
3-9 


5-5 
3-9 
4-3 


4.4 


6.0 
5-1 


5.0 
31 


5-3 


4.2 


5-0 


51 

3-4 


4-5- 
[5-5] 


51 


4-7 


4-7 


4.4 
5-2 


50 


4.6 


Mean 


4.12 


5.00 
3-o8 


5-23 


4-57 
5.07 


4.90 


4-75 


4.7      4.86 


3-9 
4.8 


4.0 
4-3 


3-98 
var.? 
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TABLE  \\\  — Continued. 


No.' 


140 
141 

142 

143 
144 

145 
146 

147 
148 
149 
150 
151 
152 
153- 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 


Name 


g  Eridani . . 
T^  Eridani  . 
7  Hydri .  .  .  . 
LI.  7273  ■  ■ . 
LI.  7422  . . . 
t9  Eridani  , 
Lac.  13/6  . . 

V  Tauri .  . . . 
S  Retictili  . . 
LI.  7600  . .  . 

7  Reliculi  .  . 
I  Reticuli  . . . 
Lac.  1344  . . 

8  Horologii  . 
0^  Eridani  , 
a  Horologii , 
7  Doradus . . 
a  Reticuli . . . 
€  Reticuli . .  . 
f  Eridani.. . 
d  Eridani  . , 
/./.  8588  . . . 
v^  Eridani  . 
a  Tauri .  . . . 

V  Eridani  . . 
i;'  Eridani 
a  Dor  adits . 
J/  Eridatii 
I  Eridani. .  . 
LI.  880Q .  ... 
Lac.  1344.. 
34  Eridani. 

a  Coeli 

/3  Coeli , 

LI.  8951  ■  .  . 
/JL  Eridani . 
Lac.  /j-<?5.. 
LI.  Sggd  .... 
J 8  Eridani. 
ir3  Orionis  . 
ir'  Orionis  . 
/It  Mensae . . 
v*  Orionis  . 
60  Eridani 
w  Eridani. 
Lac.  1628. . 
^■5  Orionis  . 
tt'  Orionis  . 
I  Pictoris  . . 
R  Leporis.  . 
^  Eridani. 
Lac.  1686. . 


R.A. 


Dec. 


—36  35 
—24  59 
—74  37 
— 12  27 

—  12  56 
—24  22 
—30  51 
+  5  38 
-61  45 
-13  8 
—62  30 
— 61  26 
—28  0 
—42  19 

—  7  48 
—42  36 
-51  48 
—62  47 

—59  36 

—  42 

-34  18 

—  3  29 
— 30  I 
+  16  15 

—  3  37 
—30  49 
-55   18 

—  2  40 

—14  33 
—14  36 
—24  44 
—19  55 
— 42     6 

—37  23 
-18  54 

—  3  29 
—50  43 
—21  31 
— 17  10 
+  6  44 

—  8  41 
— 71  10 
+  5  23 
— 16  26 

—  5  40 
—35  7 
+  2  14 

—  9  57 
—53  41 
—15  0 

—  7  21 
— 26  27 


15. 


5.0 

3-8 
3-1 


3-5 
3-5 


5  8 
5.8 
5-0 

4-5 


5-4 

5.0 

5.8 
5-4 
5-0 


U.A. 


S.M.P. 


w. 


Mean 


4-3 
51 
3-1 


4.1 


3-2 


4.8 


7 
0 

4 
var. 

•3 


3-9 
3-6 


5.8 

4.8 

5-5 


5-7 

6.2 

6.4 
[6.1] 


4.0 
3-6 


4.6 

5-3 


5-7 


6.2 


var.? 
3-19 


4.69 

4-65 
5-19 


3-31 
4.69 


3-45 

5-82 
4-75 
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No. 


192  : 

193  I 
»94  ! 
195  I 
196 
197  i 

199  I 

200 

201 

202 

203 

204 

205 

206 

207 

208 

209 

210 

211 

212 

213 
214 

215 
216 

217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 

237 
238 
239 
240 
241 
242 
243 


»j'  Fiitoris  .  . . 

7  6W// 

Lac.  /j/o..  . 
e  Leporis  . . . , 
/3  Eridani  .  . 
T]'  Pictoris  . . 
X  Eridaiii  . 
f  DoradiiS  .  . 
fi  Mtiisiu .  .  . 
Lac.  1731  ■■  ■ 
t  Leporis .... 
/u  Leporis .  .  . 
K  Leporis  .  . . 
a  .'turitiae  .  . 
P  Or  ion  is.  .  . 
Lac.  1773  ■  ■ 
T  Orion  i  .  .  . 
X  Leporis .  . . 

6  Dor  ad  us  . 
V  Leporis  .  .  . 
LI.  10063  . . . 
Lac.  1823  ■  . 
S  Leporis . .  . 
ij  Orionis . .  . 

7  Orionis .  ■  . 
/3  Tauri ..  .  . 
LI.  10234  . .  . 
e  Pic/o^is.  .  . 
/3  Leporis . .  . 
X  DoradAs . . 

5  Orionis.  .  . 
e  Coluinhat  . 

0  Leporis .  .  . 
X  Orionis . . . 

6  Orionis.  .  . 

1  Orionis  .  .  . 
€  Orionis  .  .  . 
Lac.  iqo4  .  . 
/3  Doradih . . 
a  Orionis .  .  . 
f  Orionis.  .  . 
a  Col u mime  . 
Lac.  /Q36  .  . 

7  Afensae . .  . 
7  Leporis.  . 
fi  Colttmbae  . 
f  Leporis  .  .  . 
K  Orionis .  .  . 
/3  Pictoris . .  . 
5  DoradAs .  . 
5  Leporis . . . 
/3  Cohimhae . 


TABLL   111- 

Contit 

ncd 

R.A. 

Dec. 

h. 

n. 

B. 

U.A. 

S.M.P 

w. 

Mean 

h      m 

4  59-5 

—49   20 

5-99 

I 

5-4 

5- 

5 

5-8 

5-6 

— 

4  59-9 

—35  39 

4.80 

I 

5-4 

4- 

7 

4.9 

4-7 

— 

5     0.2 

— 26  19 

6.08 

I 

5.8 

6. 

I 

— 

— 

— 

5     0.2 

— 22   32 

3-52 

3 

31 

3- 

I 

— 

— 

var.  ? 

5     1-7 

—  5  15 

2.95 

5 

—  > 

2. 

8 

— 

— 

— 

5     1-7 

—49  45 

5-99 

I 

5-4 

5- 

3 

5-3 

5-4 

— 

5     3-2 

-  8  55 

4-75 

2 

— 

4- 

b 

— 

— 

— 

1  5     3-4 

—57  39 

4-83 

2 

5.0 

4 

8 

5.0 

50 

4-93 

:  5  4-3 

—71   29 

5 -.56 

I 

5-4 

5 

7 

5-6 

5-8 

5.61 

5     51 

—55     9 

576 

I 

— 

- 

- 

(7-6) 

— 

— 

5     6.5 

—  12     I 

4.71 

2 

— 

4 

4 

— 

— 

— 

5     7-3 

— 16  21 

3.60 

3 

— 

3 

4 

— 

— 

— 

5     7-5 

—  13    5 

4.71 

2 

— 

4 

2 

— 

— 

— 

5     7-5 

+45  52 

0.87 

I 

-^ 

I 

0 

— 

— 

— 

5     8.6 

—  8  21 

1 .00 

15 

— 

I 

0 

— 

— 

— 

5  10. 1 

-36     7 

5-72 

I 

6.4 

5 

8 

L6.3J 

6.5 

— 

5  11-5 

—  6  59 

4. 10 

I 

— 

3 

9 

— 

— 

— 

5  13-8 

—13  18 

4.78 

2 

— 

4 

I 

— 

— 

— 

5   139 

—  67  20 

5-03 

I 

5.0 

5 

I 

51 

5.0 

5-05 

5  142 

— 12  27 

5-55 

I 

— 

5 

7 

— 

— 

1    — 

5  I5-I 

— 21  22 

5-72 

I 

5.0 

4 

9 

— 

— 

1    — 

5  16.3 

—50  45 

5-73 

I 

5-9 

5 

8 

6.1 

5-8 

5.87 

5  17-8 

—14     3 

5.72 

I 

— 

5 

7 

— 

— 

— 

5  18.2 

—  2  31 

3-49 

2 

— 

3 

4 

— 

— 

— 

5  18.4 

+  6  14 

1.98 

II 

— 

I 

7 

— 

— 

— 

5  18.4 

+28  30 

2.09 

2 

— 

- 

- 

— 

— 

— 

5  20.6 

—19  48 

6.08 

I 

— 

6 

2 

— 

— 

5  21.9 

—52  26 

5-73 

I 

5-9 

6 

0 

L6.7J 

5-8 

— 

5  22.9 

— 20  52 

2.97 

9 

2.9 

2 

9 

— 

— 

— 

5  24-5 

—59     I 

5-45 

I 

5-4 

5 

b 

5-4 

5-6 

5-49 

5  25.6 

—  0  24 

2.40 

6 

— 

2 

3 

— 

— 

— 

5  26.8 

—35  34 

3-95 

I 

3-8 

4 

I 

4.0 

4-1 

3-99 

5    27-2 

—  17  55 

2.68 

10 

— 

2 

7 

— 

— 

— 

5  28.2 

+  9  51 

3-74 

I 

— 

3 

5 

— 

— 

— 

5  29.1 

-  5  28 

4-35 

I 

— 

4 

8 

— 

— 

— 

5  293 

—  5  59 

3-05 

4 

— - 

2 

9 

— 

— 

— 

5  299 

—  I  17 

1. 81 

12 

- — 

I 

8 

— 

— 

— 

5  30.9 

—33  21 

5-72 

I 

5-9 

6 

8 

(6.7) 

— 

var..'' 

5  32-5 

—62  34 

3-84 

6 

3-8 

3 

9 

3-8 

4.2 

— 

5  32.5 

—  2  40 

4.44 

I 

— 

4 

.0 

— 

— 

— 

5  34-4 

—  2     I 

1-95 

12 

— 

I 

.8 

— 

— 

— 

5  35-1 

-34     8 

2.83 

9 

2.3 

2 

•5 

2.8 

2.6 

— 

5  35-2 

—32  42 

5-72 

I 

5-9 

5 

•9 

5-8 

b.o 

5.86 

5  36.8 

—76  26 

5.66 

I 

5-9 

5 

.6 

5-3 

5-6 

5.61 

5  39-2 

— 22  29 

372 

2 

3-5 

3 

•5 

— 

— 

— 

5  41-3 

— 32  21 

509 

I 

5-4 

5 

•4 

5.8 

5-4 

5-42 

5  41-3 

—14  52 

3.66 

2 

— 

3 

.6 

— 

— 

— 

5  41-8 

—  9  43 

2-33 

9 

— 

2 

•3 

— 

— 

— 

5  44-3 

—51     7 

3  96 

I 

5-0 

3 

•9 

4.1 

4.0 

— 

5  44-5 

—65  47 

4.46 

4 

4-5 

4 

•5 

4.8 

4.8 

4.61 

5  45-9 

—20  53 

3-88 

2 

3-8 

3 

•7 

— 

— 

— 

5  46.5 

—35  49 

3.18 

5 

2.9 

2 

■9 

31 

30 

3.02 
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TABLE   n\  — Continued. 


No. 


244 
245 
246 

247 
24S 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
26« 

269 
270 

271 

272 

273 
274 
275 

276 

277 
278 

279 
280 
281 
282 
283 
284 

285 

2S6 
287 
288 
289 

290 
291 
292 

293 
294 

295 


Name 


R.A. 


Dec. 


U.A. 


W. 


Mean 


7  Ficioris  .... 

Lac.  2i\S- 

a  Or  ion  is 

\  Columbae  .  . 
e  Doradils .... 
^  AuriiJitie .  .  . 

1)  Leporis 

I  Col  I  mil)  at  .  .  . 
<r  Columbae  .  .  . 
Lac.  2087  .  .  .  . 

7  Columbae .  .  . 
I^ac.  2/06  .  .  .  . 
7]  Columbae .  .  . 
Lac.  2/  /j  .  .  .  . 
Lac.  213-  .-.  .  . 

6  Columbae. . .  . 

Lac.  2/74 

•>/'  Doradih  . . . 

V  Doradih  .  . .  . 
if  Doradiis  . . . 

Lac.  2224 

K  Columbae. . . . 

a  Mensae 

f  Canis  IMaj. .  . 
p  Canis  Maj .  . 

8  Columbae. . .  . 

V  Pictoris 

a  Argus 

G  Pufpis 

Lac.  231 1 

X  Canis  Maj  .  . 
■jr'  Doradiis  . . . 

Lac.  2328 

Lac.  230Q 

it''  Dcrradiis  . .  . 

Lac.  2333 

Lac.  2343 

\i.  Pictoris 

7  Geiiiinorum . 
v'  Canis  Maj 
v^  Canis  Maj  . 
A^  Carinae. . . . 
^3  Canis  Maj  . 

V  Puppis 

Lac.  2402 

a  Canis  Maj. . . 
JO  Canis  Maj. . 

Lac.  2438 

K  Canis  Maj. .  . 

Lac.  24'jq 

Lac.  2486 

T  Puppis , 


5  47-5 
5  4«-i 
5  48.4 
5  48-6 
5  50.0 
5  50.4 
5  50.7 
5  51-2 
5  51-6 
5  52. 1 
5  S3- 1 
5  53-1 
5  55-3 

5  58.2 

6  0.9 


3-2 
4-9 
6.0 

9-5 
II  .0 
II  .2 
12. 1 
14.0 

15-5 
17.2 

17-5 
20.7 


621.2 
6  22.4 
6  22.7 
6  23.5 
6  23.8 
6  25.1 
6  25.8 
6  26.5 
6  26.7 
6  27.3 
6  30. 1 

6  30.5 
6  30.9 
631.2 
6  32.2 
6  32.4 
6  33-9 
6  35-3 
6  39.6 

6  39-7 
6  40.7 
6  45.2 
6  45.7 
6  46.3 
6  46.8 


—56  12 
-52  8 
+  7  23 
—33  50 

—  66  56 

+44  56 
— 14   12 

-37  8 
—31  24 
—52  40 
-35  18 
—63  8 
—42  49 

—  26  17 
-45  2 
—37  14 
—44  20 
—66  I 
—68  49 

-65  34 

—  61  26 
-35  6 
-74  43 
—30  I 

—  17  54 
—33  22 
—56  18 
-52  38 
—48  6 
—60  13 
—32  30 
—69  55 
—57  55 
—27  41 
—69  37 
—50  9 
—56  46 
—58  40 
-U16  30 
-18  34 

—  19  9 
—52  52 
—18     8 

—43  5 
-48     7 

—  16  33 
—30  57 
—30  49 
— 32  22 
—31  34 
—34  13 
—50  28 


4.96 

5-73 
1. 16 

4-87 
4.87 
2.22 
3.80 
4-99 
5-72 
5-73 
4.61 
5.18 
4.16 
5-72 
5-42 
4.89 
5-14 
5.80 
5.00 
5-83 
5-75 


14 


48 

62 

09 

29, 

671 

85 


4 
5 
3 
2 

3 

5 

0.44 

5-99 

6.21 

5.00 

5-69 
6.36 
6. 19 
5.69 
5-73 
5.98 
6.00 
2.23 

5-31 
4.26 

4-95 
4-75 
3.28 

5-73 
0. 10 
5.86 
5-90 
3-73 
5-99 
6. 17 

3-II 


5-0 
5-4 

4-5 
5'0 


5-0 


4-7 
5.6 
1 .2 
5-2 
5-1 

3-8 
5-4 
5.6 


8 
5 
9 
o 

5 
8 

3 
6.6 
6.0 

5'2 

5-5 
6.6 
4.8 
5-3 
3-2 
2.2 

3-9 
6.0 
0.4 

5-9 
6.1 

4-7 
6.1 

6.3 
6.1 

5-9 
5-5 
6.9 
6.0 

6.4 
4.1 
4.8 
4-9 
3-5 
5-3 
0. 1 

5-7 
6.3 
4.0 

6.3 

5-4 
3-2 


4-5 
5-1 

5-4 
5-3 


5-3 
6.0 

5-6 

4  7 
4-7 
4.2 

[6-31 
5-8 

6.3 
5-6 
5-1 

4.8 
5-6 
3-3 

4.0 
6.2 
(-1.0) 
6.5 
6.5 
4.9 
6.0 
6.2 

5.8 

5  7 
5.6 

6.3 


4-7 


4.6 

5-4 

5-3 
5-4 


4 

5 
(-0 
6 
5 
5 
5 
6 

5' 
5' 
5' 
5^ 


4-7 

3-2 
5-6 

5-6 

4.2 
6.0 

5-4 
3-0 


5-45 


■94 
•59 
■58 
.98 
•15 


var..'' 
var.? 


4.64 
5-40 


5-95 

6.06 
6. 12 
4.82 
5-8o 
6.21 


5-63 
var.? 
6.00 


3-36 
5-49 

5-59 

var.? 
6.08 

3.12 
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TABI.E  \\\— Continued. 


No. 


296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 

307 
io8 

309 
310 

3" 
312 

313 
3'4 
315 
3t6 

317 
318 
319 
320 
321 
322 
323 
324 
325 
326 

327 
328 

329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 


a  Picloris 

A  Ciirinae . .  . . 

0  Can  is  Maj. . . 
0'  Oinis  A/iij. . 
Lac.  2357..  ... 
e  Cants  Maj. .  . 

t  Piifpis 

a  Can  is  Afaj.  . 
o^  Cants  Ma  J  . . 

Lac.  260/ 

y  Cam's  Maj . . 

Lac.  262/ 

Lac.  2646 

Lac.  2608 

Lac.  2624 

Lac.  2640 

Lac.  2642 

5  Can  is  Maj.  . 

Lac.  2b  J  J 

/  Puppis 

Z'  Puppis 

w  Canis  Maj .  . 

JJ  Puppis 

7   I'olan/is  . . . 

Lac.  2733 

Lac.  2711 

Lac.  2-32 

ir  Puppis 

5  Volant  is  .  . . . 
Lac.  27S3..  .  . . 
1)  Canis  Afaj.  . 
/3  Canis  Alin .  . 

Lac.  2S27 

Lac.  2S2g 

a  Puppis 

a  Geminortiin . 
LI.  14810  . ...  . 

p  Puppis 

Q  Carinae .  . .  . 

f  Puppis 

a  Canis  Min .  . 

m  Puppis 

Lac.  2Q04 

k  Puppis 

Lac.  2qi8 

a  Afonocerotis . 

Lac.  2g23 

/3  Getninorum . 

1  Puppis 

/  Puppis 

Lac.  2Q40 

c  Puppis 


R.A. 

h       m 

6   46.9 

6  47.1 

6  48-4 

6  48.9 

6  52.9 

6  53-7 

6  53-8 

6  56.7 

6  57.8 

6  57-8 

6  58.1 

6  59.1 

7     0.0 

7     0.1 

7     0.6 

7     1-3 

7     2.0 

7     3-3 

■   7     7-4 

7     90 

7     9-5 

7     9-7 

7     9-7 

7     9-8 

7   10.8 

7   II. 2 

7   12.6 

i  7   12.7 

7   16. 9 

7   17-6 

7   191 

7  20.4 

7  22.0 

7  23.2 

7  25.3 

7  26.6 

7  28.7 

7  30.4 

7  32.6 

7  32.7 

7  32.8 

7  33-1 

7  33-2 

7  33-7 

7  34-8 

7  35-3 

7  37-6 

7  37-6 

7  38.5 

7  38.8 

7  39-3 

7  40.8 

Dec. 


—61  48 

—53  29 
— "  53 
— 24  2 

-48  33 
—28  48 

—33  57 
—27  45 
—23  39 
—51  14 

—  15  27 
-58  46 
—67  45 
—43  26 
—49  24 
—59  0 
—56  34 
— 26  12 
—48  44 
-46  33 
—44  58 
—26  33 
—44  26 
—70  18 
—62  59 
-48  3 
—46  33 
—36  52 
—67  44 
—51  51 
—29  4 
+  8  32 
-58  15 
—50  47 
—43  3 
+32  10 
— 22  2 
—28  6 
—52  15 
—34  41 
+  5  33 
—25  5 
-48  33 
— 26  31 
—48  19 

—  9  16 
— 26  3 
+28  20 
—28  7 
— 28  40 
—24  23 
—37  40 


U.A.  S.M.P. 


2.7 


3-5 
4.8 
4.4 
3-9 
5-5 
1.8 

5-4 
3-6 
3-4 
5-8 
4-5 
6.4 
5-7 
5.8 

5-3 
0 

7 
I 
6 


3-8 
6.3 
5-0 
6.1 
2.7 
4.1 
5-9 
2.9 
3-0 
6.8 
5-7 
3-5 

5-2 
5-3 
5-5 
4.8 
1 .2 

5-4 
6.1 


3-3 
4.6 


5-3 
5.6 

5-4 


var. 
3-7 
6.5 
5-2 
6.1 

2.5 
4.1 
6.0 


5-4 
3-0 


5-3 
5-0 

5.0 
6.4 

6.1 


3-4 
4.8 


5-7 
5-5 


5-8 
6.1 
5-5 

5.6 

5-7 
5-0 
5-5 


3-8 

5-3 

2.5 
4.2 


3-4 


Mean 


3-41 


5-53 


5.68 
var.? 

5.60 


5.78 
2.08 

4.91 
var.? 

var. 
3-85 


2.62 
4.22 


5-63 
3-37 


4-93 


5-0 
4.2 

6.4 
3-6 


3-5 


3.6 


3-61 
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No. 


34S 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
382 
383 
384 
385 
386 
387 
388 
389 
390 
391 
392 
393 
394 
395 
396 
397 
398 
399 


0  Pnppis 

Lac.  SOI  I 

f  Volantis 

\  Fuppis 

Q  Puppis 

P  Ptippis 

a  Piippis 

Lac.  3074 

Lac.  3obg 

/  Puppis 

X  Carinac 

V  Puppis 

Br.  1835 

Lac.  3134 

D  Carinae 

f  Puppis 

p  Puppis 

Lac.  3163 

tg  Puppis 

Lac.  3180 

7  Velorum 

//•  Puppis 

B  Carinae 

Lac.3iQ7 

e  Volantis 

//^  Ptippis 

j3  Cancri 

C  Carinae 

B  Velorum 

C  Llydrae 

e  Carinae 

k}  and  k'  Volantis. 
a  Cliamaeleontis  .  . 

I-(ic.  3343 

77   Volantis 

F  Velorum 

6  Chamaeleo7itis  .  . 

j3  Volantis 

A  Velorum 

C  Velorum 

5  Hydrae 

Lac.  3443 

<T  Hydrae 

i*'  Carinae 

e'^  Carinae 

e  Velorum 

/3  Pyxidis 

b  Velorum 

0  Velorum 

■>j  Hydrae 

w  Velorum 

Lac.  3483 


R.A. 


42 

43 

43 

44 

44 

45 

47-9 

49.5 

49-5 

49.6 

53-6 

54-6 

55-6 

56.7 

58.7 

59-2 

2.2 

2.7 

5-4 

5-5 

5 

6 

6 

7 

7 

9.6 

9-7 
8  13-4 
8  18.7 
8  19.4 
8  20.0 
8  20.2 
8  21.7 
8  22.8 
8  23.2 
8  24.2 
8  24.3 
8  24.4 
8  25.1 
8  30.9 
8  31-0 
8  32.1 
8  32.2 
8  32.4 
8  32.4 
8  33-2 
8  35-2 
8  36.5 
8  36.7 
8  36-7 
8  37-1 
8  37-1 


Dec. 


-25  38 
-56  25 
—72    18 

—24  33 
— 46  46 
-46  4 
—40  15 
—54  3 
—49  17 
—47  47 
—52  39 
—48  54 
—62  58 
— 60  29 
—63  13 
—39  39 
—23  57 
—44  54 
— 12  33 
—43  45 
—46  58 
—39  15 
—60  55 
—42  37 
—68  iq 
-39  58 
+  9  34 
— 62  32 
-48  5 
—  3  30 
—59  6 
—71  7 
—76  31 


—49  5 
—73  0 
—52  41 
—77  5 
—65  43 
—47  31 
—49  31 
+  68 
—50  32 
+  3  47 
-57  48 
—57  35 
—42  33 
—34  52 
— 46  12 
—52  29 

+  3  51 
—46  52 
—48  29 


U.A. 


S.M.P. 


W. 


4.0 


4.1 

5-1 
4-3 
3-8 
6.2 
5-0 
4-5 
3-8 
var. 


5-4 
2-3 


Mean 

4.22 

3-90 
5.09 

3-77 
var. 

cum. 

2.46 

5-78 


5.21 
var.? 


•97 

,22 

56 
,48 
.87 


5-47 
4.49 
4.00 


5-1 
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No. 


400 

401 
402 

403 
404 
405 
406 
407 
40S 
409 
410 
411 
412 
4«3 
414 
415 
416 

417 

418 

419 
420 
421 
422 

423 
424 

425 
426 

427 
428 
429 
430 
431 
432 
433 
434 
435 
436 
437 
438 
439 
440 
441 
442 
443 
444 
445 
446 

447 
448 
449 
450 

451 


d  Carinae 

Lac.  34q2 

a  Pyxidis 

d  I  'oiantis 

Lac.  3303 

D  Velorum 

d  Velorum 

e  Hydrae 

D  ilydrae 

5  V thru  in 

a  Velorum , 

/  Carinae 

Lac.  333b 

7  Pyxidis 

g  Velorum , 

/  Velorum 

i"  Hydrae    

/  7  Hydrae 

Lttc.  33Q7 

3  Pyxidis    

c  Carinae , 

H  Velorum 

^>  Caritiae   .... 

Lac.  3633 

w  Velorum 

Ir'  Carinae , 

Lac.  363/ 

Lac.  3667 

c  Velorum 

a  Volant  is 

X  Velorum  ..  . . 
E  Carinae  .  . . 
G  Carinae    .... 

a  Caritiae 

I  Carinae 

/3  Carinae 

g  Carinae 

a  Lyucis 

1  Carinae 

Lac.  384b 

k  Carinae  

K  Velorum 

a  Hydrae 

t'  Hydrae  .  .  .  . 
r^  Hydrae  .... 
yp  Velorum   .  . . . 

Lac.  3gi4 

N  Velorum  ...  . 
(  Chamaeleontis . 

R  Carinae 

Lac.3Qi7 

/;  Carinae 


R.A. 


h      m 

8  37.8 
8  38-2 
8  38.6 
8  38.6 
8  38.7 
8  39-8 
8  39-9 
8  40.1 
8  40.5 
8  41.2 
8  41-8 
8  43-5 
8  450 
8  45-2 
8  45-5 
8  46-3 
8  48.8 

8  49.4 
i  8  49-6 
8  50.2 
8  52.2 
8  52.6 
8  53-9 
8  54-6 
8  55-4 
8  56.3 
8  56.7 
8  57-9 

8  59-8 

9  0.5 


3-4 
4.6 
4.8 
7-7 
8.4 
II. 8 


Dec. 


—59  19 
—47  39 
—32  44 
—69  56 
—52  39 
—49  22 
— 42  II 
+  6  53 
-13  6 
—54  15 
—45  35 
—56  19 

—39  51 
—27   15 

—44  51 
—46  4 
+  6  25 
—  7  30 
—47     3 


9  12.7 

9   13-4 

9   137 

9   176 

9   18.0 

9   18.2 

9  21.4 

9    22.8 

9  25.6 

9  25.8 

9  25.9 

9  27.4 

9  28.2 

9  29.1 

9  29..^ 

9  30.8 

4.90 

5-75 
4.01 
5-52 
5.27 
5.64 
5.00 

3-37 
4.94 
2. 19 
4.41 


— 27  12 
— 60  10 
-52  15 
-58  45 
—46  45 
— 40  46 
-58  36 
—41  23 
—51  42 
—46  36 

—65  54 
—42  56 
—70  2 
— 72  6 
-58  27 
—61  48 
— 69  12 
—57  I 
+34  55 
-58  45 
—74  22 
— 61  52 
—54  29 

—  8     7 

—  2   13 

—  0  38 

—39  55 
—71  4 
—56  29 
—80  15 
— 62  14 
—48  27 
—58  40 


563 


5.65 


i  5.88 

4-51 
4.20 
2.28 
5-33 
517 
3-85 
4-33 
1.96 
5.10 
303 
2.44 


81 

52 

65 

10 

07 

72 

88 

81 

22 

58 

507 

5-44 

4-83 


B. 


4-5 


2.3 
4.1 

5-4 
6.4 
5-4 
5-9 
5-9 


U.A. 


4-7 
5-9 
3-8 
5-6 
5-7 
5.8 
4.4 

3-3 
4.4 
2.2 
4.1 

51 
6.2 


5-9 
5-2 
5-7 
6.2 

5-9 

4.6 

2 

.5 
,2 


S.M.P. 


4.6 
5-9 
3-8 
5.6 
[6.1] 
5-6 
4.1 


2.1 

4.2 
4.9 
5-9 

5-3 
5-6 


5-7 

4.1 
50 
5-5 
5-6 
4.6 
5-6 
6.1 
5.8 
3-9 
4-3 
2.2 

51 

4.8 
3-6 
4.4 
1.9 
4.4 


w. 


4.8 

3-8 
5-6 


4.4 


2.0 

4.0 
5.0 


5-5 


4-3 
5.0 

5-3 


3-8 
6.4 
3.5 
5.0 

5-4 
4-5 


4.8 
3-7 
6.0 
3-2 
5.8 
var. 
5.6 
4.9 


3-6 
5.8 
3-0 
5-7 
var. 

5-7 
4.4 


3-7 
5-9 
var. 
6.2 
var. 
5.6 
4.4 


Mean 


4.70 

3-90 

5-54 

5-74 


2.16 

5-12 

5.68 

5-78 
4.25 


4.28 
2.24 


3-83 
1.85 


2.65 


3-74 
5.98 
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No. 


452 
453 
454 
455 
456 

457 
458 

459 
460 
461 
462 

463 
464 

465 
466 
467 
468 
469 
470 

471 
472 

473 
474 
475 
476 

477 
47« 
479 
480 
481 
482 

483 
484 
485 
486 
487 
488 
489 
490 
491 
492 
493 
494 
495 
496 

497 
498 
499 
500 
501 
502 
503 


Name 


AI  Velorum    . . . 

y  I'elorum 

t  Ilydrae 

/  Hydrae 

///  Carinae 

LI.  IQOQJ    

f  Chamaeleontis. 

e  Leonis 

Lac.  4022 

/  Caritiae 

V  Carinae  

H  Velorum   .... 

u'  Hydrae 

Imc.  40JS 

m  V^elormn 

Lac.  4068 

<p  Velorum  .... 

Lac.  40Q4 

■n  Antliae 

Lac.  4123 

\>^  Hydrae 

G.  iiSb  

o  Sex  tan  lis  .... 

o  Leonis 

At  Chamaeleontis 
Q  Velorum .... 

Lac.  4246 

Lac.  4206 

Lac.  4208 

g  Velorum 

M  Carinae  .... 
Lac.  4222  .    ... 

w  Carinae 

q  Carinae 

7  Leonis 

M  Ursae  Maj .  . . 

Lac.  4263 

J  Velorum 

L  Carinae 

M  Hydrae  

a  Antliae 

/  Caritiae 

Lac.  4310 

S  Carinae 

K  Carinae  .... 

p  Carinae 

T.ac.  4344 

Lac.  4367 

Lac.  4373 

p  Velorum 

t^  Carinae 

7  Cliatnaeleontis 


R.A. 


32.3 
33-1 
33-5 
35-6 
35-9 
36.6 

37-5 
38.7 
41 .6 
41.8 
44.0 
45-1 
45-5 
46.5 
46.8 
49-4 
52.5 
52.6 

53-5 
57-1 
59-0 
1 .2 
1.5 
1-7 
4.0 
4.2 
6.4 
8.6 
8.7 
9-5 


10  10. 0 
10  10.3 
10  10.8 
10  12.9 
10  13. 1 
10  14.8 
10  14.9 
10  16.3 
10  19.3 
10  20.0 
10  21.4 
10  21 . 9 
10  22.7 
10  23.3 
10  27.2 
10  27.6 
10  27  .7 
10  28. I 
10  31. I 
10  32.0 
10  34.0 
10  34.0 


Dec, 


—48  48 
-42  38 

—  0  34 

—  23  I 
— 60  46 

—  23  22 

—  80  23 
+24  21 

—44  II 
—61  56 
—64  29 

—45  9 
— 14  16 
—45  37 
-45  58 
--44  42 
-53  58 
—52  3 
-35  18 
-52  46 
—12  28 
— 46  46 

4-  0  14 
+12  35 
-81  37 
—51  12 
-80  57 
—50  37 

-51  8 
—41  30 

—65  45 
—42'  29 

—  69  25 
— 60  42 
+20  28 
+  42  8 
—54  24 
—55  25 
—66  16 
— 16  12 
— 30  26 
—73  24 
—57  0 
—58  6 
— 71  21 
-61  •  3 
— 46  22 
—72  35 
—57  35 
—47  35 
—58  32 
-77  58 


B. 


6.4 


U.A. 


4.9 
6.0 
3-9 

5-2 

5-1 

5-4 
5-5 

6.0 
4.4 

3-3 
5.6 
4.0 
6.2 
4.8 
6.1 
3-9 
6-5 
5-6 
6.5 
4.6 

5-7 
4.9 


S.M.P. 


4-7 
5-8 


4.8 
6.3 


4.8 
5-6 

6.2 
var. 
3-0 
5-7 

6.1 
4-7 
6-3 
3-8 

5-7 


5-6 


4.6 

5-4 

6.0 
var. 

2.8 


3-6 
5-8 


6.0 

5-3 
7.0 
5.8 
6.2 
4.0 

5-7 
6.2 
3-6 
3-3 


6.0 

5-5 
7.0 
6.0 
6.5 
4-1 
5-8 
6.1 
3-7 
3-5 


6.0 

5-4 
6.6 
5-6 

4.1 

5-7 

3-2 
3-8 


Mean. 


4.89 
6. 12 


var. 
3-05 
5-69 


5-44 
var.? 
5.81 

4.07 
5.88 
6.06 
3-48 
3.56 


var.? 
5-69 

var.? 
var.? 
5-36 
4-37 

5-21 

3-66 
5-58 


5-30 
4.49 
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No. 


504 

505 
506 

507 
508 
509 
5«o 
5" 
512 

513 
5«4 
5«5 
5J<> 
517 
518 

519 

520 

522 
523 
524 
525 
526 
527 
528 
529 
530 
531 
532 
533 
534 
535 
536 
537 
538 
539 
540 
541 
542 
543 
544 
545 
546 
547 
548 
549 
550 
551 
552 
553 
554 
555 


Name 


X  Velontin 

6  Ciirinae 

Lac.  .f4Sj; 

71  Art:  lis 

H  Velorum 

Lac.  44T3 

V  Hydrai: 

8  Chamaelcontis  .  . 

X  HyJrae   

M   Carinae 

a  Crateris 

/3  Ursae  M,ij 

a  L  'rstte  Mnj 

Lac.  4604 

z  Carinae 

Lac.  4613  .      ... 

^  Ursae  Alaj 

X  Carinae 

Imc.  462Q 

/3  Crateris 

y  Carinat 

5  Leonis 

Lac.  4637 

6  Leonis 

<t>  Leonis 

{  Ursae  Maj 

5  Crateris 

It  Centaiti  i 

I  Leonis 

7  Crateris 

0'  and  or'  Centaiiri 

Br.  3634 

{  Hydrae 

A  Centaiiri 

Lac.  4~()8 

Lac.  4S01 

X  Centauri 

e  Crateris 

V  Leonis 

Br.36Sg 

Lac.  4843 

Lac.  4868 

f  Crateris 

X  Muscae 

Lac.  4885 

Lac.  4Sqg 

/3  Leonis 

Lac.  4qo3 

U.  2233g  

Lac.  4Q07 

/3  Virginis 

Lac.  4920 


R.A. 


Dec. 


h. 

n. 
I 

B. 

U.A. 

5.M.P. 

w. 

Mean 

4.90 

4-5 

4.8 

4.6 

4.4 



2.93 

6 

31 

2.9 

30 

2.6 

2.91 

576 

I 

6.4 

5.6 

5-5 

— 

— 

var. 

21 

va"-. 

var. 

var. 

— 

var. 

2.76 

II 

31 

2.9 

2.8 

2.6 

2.83 

5-52 

I 

— 

5.8 

5-9 

— 

— 

3-19 

6 

— 

3-0 

— 

— 

— 

4.29 

4 

5.0 

4-5 

L4.9J 

4-9 

— 

3-74 

3 

— 

3-4 

— 

— 

— 

4.07 

2 

4.1 

4.0 

4.0 

4-3 

4.09 

4.21 

2 

— 

4.4 

— 

—    ' 

— 

2.42 
1. 91 
5-33 

2 

— 

— 

— 

— 

— 

— 

6.5 

6.5 

— 

— 

5-5« 

5-4 

5-3 

51 

— 

— 

5.81 

— 

7.0 

— 

— 

— 

2.94 

— 

— 

— 

— 

— 

4.52 

4-5 

4.6 

4.2 

— 

4.46 

5.81 

5-9 

6.0 

5-9 

— 

5.90 

4-57 

3-8 

4.6 

— 

— 

— 

5.07 

5-4 

5-2 

5-0 

— 

517 

2.. 54 

— 

— 

— 

— 

— 

5.81 

5-9 

5-7 

6.0 

5-9 

5.86 

3  39 

— 

— 

— 

— 

— 

4.61 

3-45 
3-49 

— 

4.2 

— 

— 

3-8 

— 

— 

— 

4-33 

4-5 

4-3 

4.6 

4-5 

4-4S 

3-70 

— 

— 

— 

— 

— 

4.14 

— 

4.2 

— 

— 

— 

5-43 

5-9 

5-2 

5-3, 

5.8 

— 

5- 58 

— 

— 

l7.5j 

— 

— 

3-65 

3-5 

3-7 

3-7 

3-1 

var.? 

4-90 

5.0 

5-2 

5-1 

5-4 

— 

5-58 
5-58 
3-35 

— 

— 

L6.7J 

— 

— 

3-8 

3-4 

3-4 

3-4 

3-47 

5.00 

— 

5-0 

— 

— 

— 

4-30 

— 

4.4 

— 

— 

— 

5-58 

— 

6.0 

5.8 

6.1 

— 

5.81 

5-4 

5-8 

5-5 

6.0 

5.70 

5.58 

5-9 

5.8 

5.6 

5-7 

5-72 

5.08 

— 

S.2 

— 

— 

— 

3-89 

3 

4.1 

3-8 

3-9 

4.2 

3-98 

4.84 

2 

4-5 

4-7 

4-5 

4-6 

463 

5-79 

2 

5-4 

5-3 

5-0 

5-5 

— 

2.21 

7 

— 

— 

— 

— 

— 

4-93 

2 

4-5 

4-9 

4.9 

4.9 

4.83 

4.88 

I 

— 

6.5 

— 

— 

— 

5.81 

I 

5-9 

5.6 

5-3 

5.8 

— 

3-58 

3 

— 

3-7 

— 

— 

— 

5-55 

2 

5-4 

5-4 

5-5 

5-4 

5-45 
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No. 


556 
557 
558 
559 
560 
561 
562 
563 
564 
565 
566 
567 
568 
56Q 
570 
571 
572 
573 
574 
575 
576 

577 
578 
579 

580 
581 
582 
583 
584 
5S5 
586 

587 
588 

589 
590 
591 
592 
593 
594 
595 
596 
597 
598 
599 
600 
601 
602 
603 
604 
605 
606 
607 


/3  //yjrat' 

7  Ursae  Maj .  .  . 
e  Chamaeleontis. 

6^  Cruets 

eP  Crucis 

K  C/ianiae/t'otiO's. 

17  Cruets 

5  Centatiri 

a  Corvi 

e   Corvi 

p  Centaur i 

Lae.  S072 

5  Crticis 

7  Corvi 

e  Aluseae 

j3  Chamaeleotitis 
d  Ursae  Maj .  .  . 

f  Crtieis 

F  Centauri  .  .  .  . 

t\  Virginis 

f  Co>vi 

6  Crucis 

i''  Museae 

jt'  Centauri ...  . 

Unknown 

a  Crueis 

G  Centauri 

(T  Centauri 

Lac.  3172 

5  Corvi 

7  Crucis 

Lac.  3183 

7  Mtiscae 

t\  Corvi 

/3  Corvi 

Lac.  3208 

a  Mtiscae 

T  Centc  r  I 

7  Centatiri 

Lac.  3241 

7  Virginis 

t  Crticis 

/3  Muscae 

Lac.  3273 

/3  Crucis .  : 

Lac.  3305 

K  Crticis  (C/.). . . 

n  Centauri 

/x  Crucis 

X  Crticis 

e  Ursae  Maj. .  . . 
5  Virginis 


R.A. 

Dec. 

h. 
3-92 

n. 
I 

B. 

U.A. 

S.M.P. 

w. 

h    ni 
II  46.6 

—33  13 

4-5 

4 

5 

4-7 

4.1 

II  47.2 

+  54  23  i 

2 

36 

3 

— 

— 

— 

— 

II  53-5 

—77  31 

4 

83 

4 

5-4 

4.9 

l5.4J 

5-5 

II  56.7 

—62  37 

5 

20 

2 

5-0 

4 

7 

4-7 

4.8 

II  57-9 

—62  28 

5 

55 

2 

5-4 

5 

3 

5-3 

5-1 

II  58.3 

—75  50 

5 

76 

I 

5-9 

5 

6 

5-3 

5-8 

12  0.4 

—63  55 

4 

bi 

3 

4.1 

4 

7 

4-5 

4-5 

12  1.9 

—50  2 

2 

68 

lo 

2.9 

2 

8 

2.8 

2.4 

12  2.0 

— 24  2 

4 

20 

3 

4.1 

4 

2 

— 

— 

12  3.7 

—21  55 

2 

89 

lo 

2.9 

3 

3 

— 

— 

12  5.1 

—51  40 

4 

24 

2 

4.1 

4 

5 

4-3 

4-5 

12  7.6 

—65  51 

5 

76 

I 

— 

6 

8 

— 

— 

12  8.5 

-58  3 

3 

19 

lo 

3-1 

3 

4 

3-1 

3-0 

12  9.4 

— 16  51 

2 

56 

9 

— 

2 

5 

— 

— 

12  10.8 

—67  16 

4 

84 

2 

4-5 

4 

7 

4-3 

4.8 

12  II. 0 

-78  37 

4 

42 

4 

5-0 

4 

6 

4.b 

4.8 

12  II  .6 

+57  28 

3 

15 

2 

- 

- 

— 

— 

12  II  .7 

-63  18 

4 

53 

3 

4-5 

4 

b 

4-5 

4-3 

12  12.3 

-54  27 

5 

52 

I 

6.4 

5 

8 

5-3 

5-9 

12  13.5 

+  02 

3 

69 

4 

— 

4 

0 

— 

— 

12  T4.I 

—21  31 

5 

41 

I 

5-4 

5 

3 

— 

— 

12  14.6 

—59  43 

3 

92 

7 

4.1 

4 

0 

3-6 

3-7 

12  15.2 

—66  50 

5 

55 

2 

5-4 

5 

8 

5-7 

5-6 

12  17.0 

—34  43 

4 

72 

I 

5-9 

5 

5 

5.8 

5-7 

12  18. 

—53  41 

5 

58 

I 

— 

- 

- 

— 

— 

12  19.7 

—62  24 

I 

32 

20  1 

1 .0 

I 

3 

1-3 

1-3 

12  19.8 

—50  45 

4 

78 

I 

5-4 

5 

7 

5-4 

5-3 

12  21.3 

—49  32 

4 

50 

4 

5-0 

4 

3 

4-3 

4.1 

12  23.3 

—60  18 

15 

67 

I 

- 

- 

L6.9J 

— 

12  23.4 

—  15  49 

|2 

83 

9 

— 

3 

0 

— 

— 

12  24.2 

—56  25 

I 

78 

16 

1-7 

2 

0 

1-7 

1-7 

12  24.7 

-58  44 

5 

51 

I 

6.4 

6 

4 

— 

6.3 

12  25.0 

—71  26 

4 

20 

5 

4.1 

4 

0 

4.2 

3-9 

12  25.7 

—  15  30 

4 

72 

2 

— 

4 

5 

— 

— 

12  27.8 

— 22  42 

2 

61 

10 

2.3 

2 

b 

— 

— 

12  28.4 

~6i  3 

5 

67 

I 

6.4 

6 

2 

— 

— 

;  '-  -5-7 

—68  27 

2 

95 

6 

3-1 

2 

9 

2.9 

3-1 

1  12  30.9 

—47  51 

4 

97 

2 

4-5 

4 

4 

4.2 

4.1 

12  34.6 

—48  16 

2 

30 

15 

2.9 

2 

4 

2.4 

2.2 

12  34.8 

—59  0 

5 

51 

I 

5-9 

6 

0 

5-4 

5-8 

12  35-3 

—  0  46 

2 

72 

9 

— 

3 

I 

— 

— 

12  38.3 

—60  18 

5 

52 

I 

5-9 

5 

7 

5-0 

5-3 

12  38.6 

—67  25 

3 

26 

7 

3-8 

3 

4 

3-3 

3-2 

12  39-2 

-55  48 

5 

51 

2 

5-4 

5 

4 

5-3 

5.2 

12  40.4 

—59  0 

I 

64 

19 

1-7 

I 

7 

1-7 

1.6 

12  45-8 

—54  16 

5 

49 

1 

— 

b 

0 

— 

— 

12  46.4 

—59  42 

4 

90 

I 

5-4 

5 

b 

I6.3J 

51 

12  46.5 

—39  30 

4 

92 

I 

5-0 

4 

4 

4-5 

4.6 

12  47-3 

—56  30 

4 

16 

4 

4.1 

4 

I 

I4.5J 

4.1 

12  47-3 

—58  28 

14 

90 

I 

5-4 

5 

b 

5-2 

5-1 

12  48.6 

+56  38 

I 

89 

3 

— 

— 

— 

— 

12  49-3 

+  4  5 

3 

44 

3 

— 

3 

5 

Mean 


5-67 
4.48- 
2.72 


3.16 

4.68 
4.49 

5-61 
1.24 

1.78 
4-08 

2.99. 


1 .67 


4. 12 
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No. 


608 
600 
610 
611 
ftl2 

613 
614 
61S 
616 
617 
618 
619 
620 
621 
622 
623 
624 
625 
626 
627 
628 
629 
630 

631 
632 

633 
634 
635 
636 

637 
638 

639 
640 
641 

642 

643 
644 
645 
646 
647 
648 
649 
650 
651 
652 

653 
654 

655 
656 

657 
658 
659 


Name 


//  Citltauri .  .  .  . 
a  Cauitr/i  Wnat, 

5  Miisiiii- 

e  Virt^hiis 

{'  Ccntaiiri  .... 

f  Cintaiiri 

{'■'  Centaitri  .... 

Unknown 

J.ac.  5420 

Lac.  5422 

Lac.  ^418 

Lac.  342Q 

Lmc.  3437 

i\  Muscat- 

Lmc.  3460 

r  Ceiitatiri .  .  .  . 

7  Ilydrae 

t  Centiinri . .  . . 
J  Ceutauri .  .  . . 
in  Centaitri  . . . 
a  Virginis. .  . . 
f  Ursae  Maj . .  . 

i^ac.  '553'- 

w  Centaitri .  .  .  . 
K  Centaitri .  .  . . 
li  Centaitri .  .  . . 
f  Vir^inis .  .  . . 
e  Centaitri .  . . . 
i  Centaitri . .  . . 
M  Centaitri . . . 
z  Centaitri .  . . . 
Lac.  3674 

V  Centaitri .  .  . . 
fi  Centaitri .  .  . . 
g  Centaitri .  .  .  . 
7}  Ursae  ALaj .  . 
yV  Centaitri . .  . 
k  Centaitri .  . . . 
Lac.  37 1 1..  .  .. 
h  Centauri. . . . 
y  Centaitri. . . . 

Lac.  3727 

X  Centaitri .  . .  . 

^'t<:-  5733 

1)  Root  is 

<f>  Centaitri.  . . 
v'  Centaitri  .  .  . 
v'  Centaitri  . . . 
fi  Centauri .  . . . 

Lac.  3787 13 

X  Centauri.  13 

V  Hydrae 1  1 3 


12 
12 
12 

12 

12 
12 
13 
13 

13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
'3 
13 
»3 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
«3 
13 
13 
13 
13 
13 
13 
13 
13 


..\. 

m 

4')-9 

50.2 

53-7 

55-9 

56.3 

59.0 

59.6 

3- 

4.0 

4.2 

4-5 

5-1 

b-S 

6.8 

9-3 

9.9 

12. 1 

13.6 

14.6 

15.6 

18.6 

18.9 

18.9 

19.3 

21.8 

23.8 

28.3 

32.0 

38-6 
38.7 

39.7 
39.8 

42.0 

42.1 

42.2 

42.6 

44.0 

44.6 

45.6 

46 

46 

47 

47 

48 

48.7 

50.7 

51.0 

53-9 
55.0 

55-3 
58.4 
59-2 


-50  31 
+39  0 
—70  52 
+  11  38 
-48  51 
—47  47 
—49  14 
—43  44 
--4t  34 
—42  42 

—59  15 
-37  8 
—58  26 
—67  14 
—44  3 
—30  51 

—  22  31 
-36  3 

—  bo  20 
—63  53 

—  10  30 
+55  35 
—39  6 
—46  50 
—50  31 
-38  46 
+  0  3 
—52  50 
—32  25 
—50  48 
-35  38 
—49  42 
—41  4 
—41  51 
—33  49 
+49  56 
— 52  II 
— 32  22 
—52  45 
—31  19 
—35  3 
—51  33 
— 46  40 


63 
+  19 
—41 

—  44 
—45 
—59  46 
—51  27 
—40  35 
-26  5 


5-65 
2.81 
4.00 
2.79 
5  46 
4.42 

4-37 
6.28 
6.26 
6.20 
4.90 
S-QO 
5.52 

5-07 
6.30 

5-87 
3-II 
2-93 
4.90 
4-90 
1-43 
2.15 
6.24 
4.71 

5-92 
4-49 
3-35 
2.47 
4.41 
5-48 
5-71 
6.22 

3-50 
3-49 
4.40 
2.0s 
5.80 

4-39 
6. 10 
4.60 
5-46 
6. 10 
2.68 
5-52 
2.86 
3-92 
4-23 
4.84 
1.24 
6.15 
4-54 
3  40 


6.4 


U.A. 

5-8 
3  6 


S.M.P. 


5-5 

5-7 
4.1 

2.6 
4-5 
4-9 
5.6 
6.0 
3-6 
3-4 
4-5 

5.8 
4.6 
6.5 
5-2 
6.2 

6.3 
2.8 

5-1 

4.2 
4.2 

4-7 
1 .2 

4.9 


5-6 

3-7 

5-3 
5-3 
4-5 


6.4 
5-2 
5.6 
5-4 
5-1 

6.0 

3-0 
5.0 
5-6 


5-9 

5-8 
4.6 

2.6 
4.8 
5-3 
5-6 

3-D 
3-3 
4.8 

5-6 
50 
6.1 
5-4 
6.3 
5-7 
2.8 

5-9 

4.1 
4.0 
4.4 
1 .2 

5-1 


Mean 


5-71 


6.27 


5-23 


3.01 
5.06 


5.82 
4-36 

2.63 


5.62 

3-70 
3-48 


5.90 
6.22 


2.78 


4.16 

4-23 
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No. 


660 
661 
662 
66:; 

664 
665 

666 
667 
668 
669 
670 
671 
672 

673 
674 

675 
676 

677 
678 

679 
680 
681 
682 
683 
684 
685 
686 
687 
688 
689 
690 
691 
692 

693 
694 

695 
696 

697 
698 
699 

700 
701 
702 

703 
704 
705 
706 
707 
708 
709 
710 
711 


Name 


d  Centauri .  . . 

Jmc.  S825 

Lac.  3827. .  . . 
Lac.  3840. .  . . 
K  Virgitiis .  .  . 

Lac.jSjo 

t  Virgin  is. .  .  . 

a  Boot  is 

t  Lupi 

V  Centauri. . . 

\  Boot  is 

X  Virginis .  . . 
Lac.  sSqr. . . . 
\}/  Centauri. .  . 
Lac.  j8q3..  .  . 
a  Centauri  .  . 

t'  Lu/^i 

T^  J,upi 

<T  Lupi 

7  Boot  is 

17  Centauri  .  . 

p  Lupi 

a  Centauri  .  . 
a  Circini .  .  . . 
a  Apodis  . .  . . 

a  Lupi 

/'  Centauri . . . 
(■'  Centauri  . . 
H  Virginis. .  . 

e  Boo/is 

/pg  Virginis. 

0  Lupi 

a  Librae 

)3  Lupi 

lb  Librae  . .  . 
K  Centauri  . . 
^  Ursae  Min. 

d  Librae 

TT  Lu/>i 

20  LJbrae.  . .  . 

13  Bootis 

X  Lupi 

K  L^upi 

f  Lupi 

e  Lupi 

1  L  ibrae 

5  Circini  .  .  .  . 
y  Trianguli  . 
/3  Circini .  .  .  . 

fi  Lupi 

^3  Librae 

5  Bootis 


R.  A 

Dec. 

h. 

n. 

n. 

U.  A. 

S.M.P. 

w. 

h    m 

13  59-3 

—35  45 

2.20 

13 

2.7 

2.2 

2.2 

2-3 

14  1.4 

—50  55 

6.12 

I 

6.4 

6.3 



— 

14  1 .6 

—52  51 

5-52 

•I 

— 

5-4 

5-2 

— 

14  4-9 

—53  5 

6.50 

I 

6.4 

6.1 

5-9 

— 

14  6.2 

—  9  41 

4.28 

I 

— 

4.2 

— 

— 

14  6.3 

—56  30 

5-59 

I 

5-9 

5-6 

5-6 

5.8 

14  9-5 

—  5  24 

4.16 

I 

— 

4.1 

— 

— 

14  10. 0 

+  19  50 

0.79 

10 

— 

— 

— 

— 

14  II. 1 

—45  29 

3-72 

4 

4-5 

3.8 

4.1 

3-6 

14  II  .6 

-55  48 

4.48 

2 

5-4 

5-0 

4.6 

4.8 

14  II .6 

+46  40 

3-50 

I 

— 

— 

— 

— 

14  12.3 

—  12  48 

4.49 

I 

— 

50 

— 

14  12.7 

—44  36 

5-27 

I 

5-9 

5-7 

5-1 

5-5 

14  13.0 

-37  18 

4-54 

I 

4-5 

4.4 

4.4 

5-0 

14  13-7 

—57  53 

5-56 

2 

5.4 

5.6 

5.3 

5.6 

14  15-3 

-38  56 

4-58 

I 

5-0 

4-9 

4.9 

5-5 

14  18. I 

—44  39 

5.42 

2 

5-4 

5-3 

4.9 

5-1 

14  18. I 

—44  49 

5.24 

2 

5-4 

4.9 

4.6 

4-9 

14  24.2 

—49  54 

4-83 

2 

5-0 

5-2 

4-9 

4.8 

14  27.1 

+38  51 

2.96 

2 

— 

— 

— 

— 

14  27.6 

-41  36 

2.64 

9 

2.9 

2.5 

2.6 

2.7 

14  29.5 

-48  53 

4-47 

2 

5-0 

4-5 

4.2 

4.6 

14  31. 1 

— 60  19 

0.66 

18 

I.O 

0.7 

(0.20) 

(0.55) 

14  32-4 

— 64  26 

3-40 

5 

3-5 

3-5 

3-4 

3-7 

14  32.4 

-78  31 

4.38 

2 

4.1 

4.0 

3-9 

3-7 

14  33-6 

—46  51 

2.47 

9 

2.7 

2.6 

2.5 

2-5 

14  34.2 

—37  15 

4.24 

I 

4-5 

4.2 

4.4 

5-3 

14  36.0 

-34  38 

4-25 

2 

4.5 

4-3 

3-9 

4-5 

14  36-5 

—  5  7 

4-05 

I 

— 

4.0 

— 

— 

14  39-5 

+27  36 

2.45 

3 

— 

— 

— 

— 

14  39-9 

+  2  25 

3.80 

I 

— 

4.0 

— 

— 

14  43-5 

—43  3 

5.08 

I 

5.0 

5.0 

4-7 

5-0 

14  43-8 

—IS  29 

2.86 

3 

— 

3-0 

— 

— 

14  50.3 

-42  38 

2.89 

8 

31 

2.8 

2.8 

2.7 

14  50.7 

—  3  50 

5-45 

I 

— 

4.8 

— 

— 

14  51.0 

-41  36 

3.20 

7 

3-8 

3-3 

3-4 

3-2 

14  51. 1 

+74  40 

2. 12 

2 

— 

— 

— 

— 

14  54-3 

—  8  I 

var. 

I 

— 

var. 

— 

— 

14  56.6 

—46  34 

4.04 

3 

5-0 

4-3 

4.0 

4-5 

14  56.7 

—24  47 

3-36 

I 

3-5 

3-5 

3-2 

— 

14  57-2 

+40  53 

3-31 

I 

— 

— 

— 

— 

15  0.4 

—44  48 

4.29 

3 

5-0 

4.8 

4.6 

4.6 

15   3-2 

—48  16 

3-75 

4 

4-5 

4.1 

I4.4I 

4.1 

15  3-3 

-51  37 

3-63 

6 

3-8 

3-6 

3-5 

3-4 

15  4-4 

—44  2 

5-43 

I 

b.4 

3-5 

5-3 

5-5 

15  5-1 

—  19  19 

4-85 

I 

— 

5-0 

— 

— 

15  6.9 

— 60  29 

5-52 

I 

5-4 

5-4 

L5-61 

5-1 

15  7-3 

-68  13 

3.12 

5 

3-1 

3-1 

3-0 

3-3 

15  7-7 

—58  20 

4.90 

I 

4-5 

4-7 

4.2 

4-5 

15  9-9 

—47  25 

3-96 

2 

5.0 

4.8 

4.4 

4-9 

15  10.3 

-  8  55 

2.82 

3 

— 

3-1 

— 

— 

15  10.5 

+33  47 

3-27 

I 

— 

— 

— 

— 

Mean 


2.32 


5.70 


5-49 
var.? 


4-95 
2.67 

3-50 
2-55 


4.96 
2.86 


3-39 


3-59 


3-12 
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No. 


Name 


712 
713 
714 
715 
716 

717 

718 
719 
720 
721 
722 
723 
724 
725 
726 
727 
72S 
729 
730 
731 
732 
733 
734 
735 
736 
737 
738 
739 
740 

741 
742 
743 
744 
745 
746 

747 
748 
749 
750 
751 
752 
753 
754 
755 
756 
757 
758 
759 
760 
761 
762 
763 


a  Lupi 

7  Cinini 

^'  Lupi 

e  Lupi 

0»  Lupi 

e  Triaujiuli  . . 

7  Lupi 

d  Lupi 

7  lAbrae 

S  Serpent  is  ... . 
a  Coronae  Bor 

V  Librae 

w  Lupi 

g  Lupi....  .  .  . 

a  Serpentis  .  .  . 
P  Serpentis. . . . 

LI.  2S745 :  •  •  ■  • 
y.  Serpentis. . .  . 
/3  Triiinguli  .  . 
e  Serpentis .  . . . 

e  Librae 

p  Scarpa 

7  Serpentis. . . . 
48  Librae  .  . . . 

■w  Scarpa 

i\  Lupi 

5  Scarpa 

17  Normae 

{  Scarpa 

5  Narmne 

/3  Scarpa 

d  Lupi 

w'  Scarpa 

w'  Scarpa. .  .  . 

S  A  pedis 

5  Trians.uH. . 
r"  Scarpa . . . . 

V  Scarpa 

^  Scarpa  .... 
X  Scarpa  .... 
5  O phi  lie  hi. . . 
"Cluster"  . . . 
e  Ophiuchi. . . 

o  Scarpa 

<r  Scarpa  .... 

7  A  pad  is 

<r  Serpentis. . . 
p  Ophiuchi. . . 

V  Ophiuchi 

a  Scarpa.    . .  . 

i  Scarpa 

N  Scarpa. .  . . 


R.A. 


27 -3 
28.5 
28.8 
29.4 
29.4 
29.6 
32.6 

3«i 
40.4 
40.4 
431 
44  I 
44.6 
46.7 
49.2 

50.7 
51.2 

51-3 
51-8 
52.9 
540 
57.5 
57-7 
58-2 
58.4 
59.5 
0. 1 

1-9 
4.1 
4.6 
4-7 
5-2 
6.9 
7.8 
9.6 
II. 7 

131 
13.6 

143 


Dec. 


—40   12 

-58  52 
-35  48 
—44  M 
—36  25 
—65  54 
—40  45 
—44  32 
— 14  22 
+  10  57 
+27  8 
—27  43 
—42  9 
—44  15 
+  6  49 
+  15  49 
+  7  45 

—  33 
— 63     2 

+  4  51 

—  16  22 
—28  51 
+  16  4 
—13  55 
—25  45 
—38  2 
— 22  16 
—48  53 
— II  2 

—44  50 

—  19  28 
—36  28 
— 20  20 
— 20  32 
—78  22 
—63  22 

—27  36 
—19  8 
-^  9  44 
— II  31 

—  3  22 
— 22  40 

—  4  23 
—23  52 
—25  17 
—78  37 
+  I  19 
—23  9 
-8  5 
— 26  9 
—24  50 
—34  26 


3.43 
4.90 
3-81 
3-57 
5.00 

4-99 
3.06 
5.16 
4.10 
371 
2.39 
4-32 
5.12 

5-19 
2.81 
3.42 
531 
3-39 
307 
3.85 
4-49 
4.16 

3.99 

5-45 
304 
3 -"68 
2.51 

5-39 
4.49 

5-35 
2.70 
4.88 
!4-i9 
4-71 
4.62 

4-33 
5-05 
4.28 

5-40 
5-14 
2.88 
4.62 
3-46 
376 
313 
4-31 
5.60 
4.80 
5.19 
1-37 
4-54 
4-50 


4-5 
5-4 
5-4 


31 


4.5 


2.9 

5.0 

2-3 

6.4 

5-9 

5-9 
4-5 
5-0 
5-0 
4-1 
5-4 


U.A. 


S.M.P.     W, 


5-4 
3.1 
4-5 

5-0 

1-3 
5-9 

5.0 


4.6 
3-2 
5-1 
4.4 


4 

3- 

7 

5- 

•3 

3- 

.6 

3- 

.0 

5 

.2 

4 

.0 

2 

.  I 

s 

4.2 

4.8 


3-1 


3-9 

5.0 

5-1 
4.7 


4-5 
4.2 


5-3 
5-4 


3-3 


3-0 
4.1 


5.3 
4-7 


3-7 
5.6 

5-7 
4.8 

4.6 
4.0 


Mean 

4.96 
3-73 

5-23 


4.0 


313 


4.66 
4.19 


3.16 
4. 16 
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764 
765 
766 
767 
768 
769 
770 

771 
772 

773 
774 
775 
776 
777 
778 
779 
780 
781 
782 
783 
784 
785 
786 

787 
788 
789 
790 
791 
792 
793 
794 
795 
796 

797 
798 

799 
800 
Soi 
802 
803 
804 
80s 
806 
807 
80S 
809 
810 
811 
812 

813 
814 

815 


Name 


<t>  Ophiuchi .  .  . . 

X  Ophiuchi 

w  Ophiuchi  . .  . . 

/3  l/ercjtlis 

i3  A  pod  is 

T  Scarpa 

//  Scarpa 

f  Ophiuchi 

Lac.  bqob 

a  TrianguU  .  . . 

€  Scarpa 

/u'  Scarpa 

/JL^  Scarpa 

f  ^  Scorpii 

I  Opine  hi 

K  Ophiuchi  . .  . . 
t]  Ophiuchi  .  .  .  . 

77  Scarpa 

a  //ercu/is 

0  Ophiuchi  .... 
B  Opihucht  .  .  .  . 

/3  Arae 

7  Arae . . 

a  Arae 

V  Scorpii 

X  Scorpii 

Q  Scarpa 

a  Ophiuchi  .... 

i,  Serpen tis 

K  Scarpa 

i'  Scarpa 

G  Scorpii   

V  Ophiuchi  .  .  .  . 

7  Sagii/arii.  .  .  . 

IX  Sagii/arii .  .  .  . 
7]  Sagittarii .  .  . . 

8  Sagiliarii .  .  .  . 
7)  Serpeittis  .... 
e  Sagittarii .  .  .  . 
a  Telescopii .... 

X  Sagittarii  .  .  . 

LI.  34356 

f  Pavanis 

a.  Scuti 

a  I.yrae 

4>  Sagittarii  .  .  . 

§  Scutt 

<y  Sagittarii .  .  .  . 
^'  Sagittarii  .  .  . 

0  Serpeniis 

1^  Sagittarii  . .  . 
e  Caronae  Anst . 


R.A. 

Dec. 

h. 

n. 

K. 

U.A. 

S.M.P. 

w. 

h   m 

16  24.0 

— 16  20 

5.22 

I 

— 

4.6 

— 

— 

16  24.6 

+  2  16 

3-89 

I 

— 

3.8 

— 

— 

16  24.7 

— 21  12 

4.88 

I 

5-0 

4-7 

— 

— 

16  24.8 

+21  46 

2.92 

I 

— 

— 

— 

-- 

16  2S.3 

—77  15 

4-25 

I 

4-5 

4-5 

4.4 

4.4 

16  28.1 

—27  57 

3-o8 

4 

3-1 

3-2 

— 

— 

16  28.1 

—35  0 

4-58 

3 

5-4 

4.4 

4-3 

4.6 

16  30.3 

— 10  19 

2.71 

2 

— 

2.6 

— 

— 

16  34.1 

—66  S2 

4.90 

I 

5-9 

5.6 

5-7 

5-4 

16  35-4 

—68  48 

2.0s 

9 

2.3 

2.2 

2.0 

2. 1 

16  42.1 

—34  4 

2.40 

3 

2.9 

2.3 

2.3 

2.4 

16  43.4 

—37  50 

3-41 

2 

3-8 

3.6 

3-3 

3.2 

16  43.9 

-37  48 

3-91 

I 

4-5 

3-9 

3-9 

3.5 

16  45.8 

—42  9 

3-85 

2 

4-5 

3-6 

3.6 

3-5 

16  48.1 

-f-io  22 

5-05 

I 

— 

— 

— 

— 

16  Si-7 

+  9  34 

3-29 

I 

— 

3-4 

— 

— 

17  3.2 

—  15  34 

2.58 

2 

— 

2.4 

— 

— 

17   3-2 

—43  4 

3-45 

2 

3.8 

3.6 

3-4 

3.7 

17  8.9 

+  14  32 

3.15 

I 

— 

— 

— 

— 

J7  10.4 

—24  9 

5-32 

I 

6.4 

5-5 

— 

— 

17  14-3 

—24  52 

3-52 

I 

3-5 

3-6 

3.5 

— 

17  14.9 

—55  24 

3-09 

2 

2.9 

2.8 

2 

7 

2.8 

17  14.9 

—56  15 

3-46 

2 

3-5 

3.6 

3 

5 

3-4 

17  22.2 

—49  46 

3.08 

2 

2.9 

2.9 

2 

9 

3-1 

17  22.3 

—37  i2 

3-01 

2 

2.9 

3.2 

2 

9 

3-0 

17  2S.I 

—37   I 

1.84 

6 

2.0 

2.0 

I 

9 

2.2 

17  28.3 

—42  55 

2.12 

8 

2.3 

2. 1 

2 

I 

2.2 

17  29.1 

+  12  39 

2.27 

I 

— 

2. 1 

— 

— 

17  30-4 

—  15  19 

3-69 

I 

— 

3.7 

— 

— 

17  33-8 

-38  58 

2.69 

4 

2.7 

2.6 

2.6 

2.7 

17  38.8 

—40  4 

3-15 

2 

3-1 

3-3 

3.1 

3-2 

17  41-3 

-37  0 

3-37 

3 

3.1 

3-4 

3-2 

3.5 

17  52.2 

—  9  45 

3.01 

I 

— 

3.5 

— 

— 

17  57-8 

—30  2S 

3-37 

I 

3-1 

2.8 

3-0 

— ■ 

18  6.3 

—21  5 

4.22 

I 

3-8 

4-3 

— 

— 

18  9.2 

-36  48 

3-50 

I 

3-1 

3-3 

3-0 

3.4 

18  13.0 

—29  53 

2.83 

3 

2.9 

2.8 

2.7 

— 

18  14.8 

—  2  56 

3-32 

I 

— 

3-5 

— 

— 

iS  15-9 

—34  26 

2.07 

4 

2.3 

2.2 

2.0 

2.4 

18  17.7 

— 46  2 

3.78 

I 

4.1 

3-5 

3.8 

3.8 

18  20.2 

—25  29 

2.91 

2 

2.9 

2.7 

— 

— 

18  28.1 

—II  4 

S.I7 

I 

— 

';.7 

— 

— 

18  28.4 

—71  32 

3.98 

I 

4-1 

4.2 

4.2 

4.8 

18  28.4 

—  8  20 

3-95 

I 

— 

3.6 

— 

— 

18  32.7 

+38  40 

0.92 

2 

— 

— 

— 

— 

18  37-8 

—27  7 

3-48 

3 

3-5 

3-7 

— 

— 

18  40.5 

—  4  53 

4-39 

I 

— 

4-5 

— 

— 

18  47.5 

— 26  27 

2.31 

5 

2.3 

2.4 

— 

— 

18  49.9 

—20  49 

5.71 

I 

— 

5.7 

— 

— 

18  50.0 

+  4  3 

3-78 

I 

— 

4.2 

— 

— 

18  50.3 

—21  16 

3-67 

2 

3.8 

3-5 

— 

— 

18  so. 3 

—37  16 

5.69 

I 

5.9 

5-5 

5 

3 

— 

4.41 

var.? 


2.13 
2.46 
3-46 


3-59 


3-53 
2.86 

3-49 
2.98 
3.00 
1.99 
2. 16 


2.66 
3-17 
3-31 


—  2.»I 

2. 19 
3.80 
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TABLE  \\\.— Continued. 


No. 


8l6 
817 
818 
8ig 

820 
821 
822 
823 
824 
825 
826 
827 
828 
829 
830 
831 
832 
833 
834 
835 
836 

837 
838 
839 
840 
841 
842 
843 
844 
845 
846 

847 
848 

849 
850 
851 
852 

853 
854 
855 
856 

857 
858 

859 
860 
861 
862 
863 
864 
865 
866 
867 
868 


Name 


R.A. 


ij  Scuti 

f  Coronae  AitU .  .  . 

f  Saaitlarii 

/  Aqiiilae 

0  Sagittarii 

7  Coronae  Atist . . . 

T  Sagittarii 

^  AqiiHae 

X  Aquilae 

5  Coronae  Aust .  .  . 
o  Coronae  Aust .  .  . 
fi  Coronae  Aust .  .  . 

IT  Sagittarii 

</  Sagittarii 

/3'  Sagittarii 

^  Sagittarii 

p'  Sagittarii 

V  Sagittarii 

a  Sagittarii 

5  Aqiiilae 

7  Aquilae 

Lac.  8?3q 

o  Aquilae 

€  Pavonis 

1}  Aquilae 

t  Sagittarii 

w  Sagittarii 

/3  Aquilae 

b  Sagittarii 

0'  Sagittarii 

c  Sagittarii 

Lac.  8j/o 

5  Pavonis 

0  Aquilae 

o'  Cafiricorni  . .  . . 
a'  Capricorni  . . . . 
j3   Capricorni  . . . . 

a  Pavonis 

o  Lnc/i 

/3  Pavonis 

a  Cygni 

/3  Inc/i 

7  Pavonis 

/3  Aqitarii 

V  Octantis 

7  Capricorni 

t  Piscis  Aust 

e  Pegasi 

5  Capricorni 

7  Gruis 

0  Aqitarii 

X  Gruis 

o  Aqitarii 


50.4 

54-3 
54.6 
55-0 
57.2 
58.0 
59- 1 
59.6 
59.6 
59.6 
1 .0 


14.4 
14.6 
15.2 
19.2 


40 

43 

44 

46 

46 

46 

48.2 

49.2 

49-3 
51.6 
55-0 
55-2 
56.4 
4.8 
10.7 
II. I 
14.0 

15-7 
28. 8 

33-7 
37-2 
450 
16. 1 
25.0 
27  5 
33-2 
37-5 
38.0 
40.1 

46.3 
<;6.8 
58.6 

59-4 


Dec. 


—  6 

—42 
—30 

—  5 
— 21 

—37 
—27 
+  13 

—  5 
—40 
-38 
--39 
— 21 
—19 
—44 
—45 
—18 

—  16 
—40 
-f  2 
+  10 
—40 
-f  8 
—73 
+  0 
—42 
—26 
+  6 
—27 

—35 
—28 
-38 
—66 

—  I 
— 12 
— 12 
—15 
—57 
—47 
—66 

+44 
-58 
-65 

—  6 
—77 
—17 
—33 
+  9 
—16 

—37 

—  2 
—40 

—  0 


o 
16 

3 
55 
55 
14 
51 
4' 

4 
41 

6 
32 
13 
10 
42 

2 

5 
II 

51 
52 
18 
II 
32 
14 
41 
12 

38 

6 

30 

37 
0 

17 
30 
II 
54 
56 
10 

8 
43 
39 
50 
55 
56 

7 

55 
13 
36 
18 
41 
57 
46 

9 
56 


U.A. 


5-9 

2.9 
4.1 

5-0 
3.8 


5-4 
4-5 
4-5 
3-1 

4-5 
5.0 


4-5 


5-9 

3-5 

4-5 
5-4 

5-4 
5-4 
5-4 
5-9 
3-5 


2.0 
2.9 
2.9 

4-1 
4.1 

4.1 

5.0 

3-1 
5-0 


5 
I 

4 
var 


S.M.P. 


5-1 
2.7 


4-5 


4-7 
4.4 
4.2 


4-3 
4.6 


4-3 


5.8 


4.2 


4-3 


50 

5.0 
3-6 


2. 1 
3-2 
3-6 

3-8 
4.4 

3-8 
4-7 


3-2 


4.8 


Mean 


5.4 


5.0 


51 
4.9 
4.8 


4.1 
4-3 


4.4 

6.0 

4-7 
4.6 


5-7 
3-4 


2.3 
3-3 
3-3 

3-7 
4.8 

4.0 

4.6 

3-3 
4.6 


var. 
4.41 


4-94 
3.52 


2.13 
3-14 


3.82 
var.? 


3-13 
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TABLE  Ul— Continued. 


No. 


869 
870 
871 
872 
873 
874 
875 
876 

877 
878 

879 
880 
881 
882 
883 
884 
885 
886 
887 
888 
889 
890 
891 
892 
893 
894 
895 
896 

897 
898 

899 
900 
901 
902 
903 
904 
905 
906 
907 
908 
909 
910 
911 
912 

913 
914 

915 
916 
917 
918 
919 


Name 


t  Aquarii   .     .  . 

a  Gruis 

y.  Piscis  Aitst. . 
\)  Piscis   Aust. . 

p>  Gruis 

a   Toucani. .  . . 

6  Aquarii  .  . .  . 
p  Aquarii  .  .  . . 
y  Aquarii ... 
5  Toucani.  .  .  . 
ir  Aquarii .  . .  . 

5'  Gruis 

5^  Gruis 

f  Aquarii  .  . . . 
<r  Aquarii  .  . .  . 
/3  Piscis  Aust-  . 
V  Toucani  . .  . 
77  Aquarii  .  . .  . 
6/  Aquarii  .  .  . 
P  Octant  is  .  . . . 
e  Piscis  Aust.  . 

/3  Gruis 

/g  Piscis  Aust . 

p  Gruis 

17  Gruis 

e  Gruis 

T  Aquarii  .  .  .  . 

7  Piscis  Aust . . 

X  Aquarii 

5  Aquarii  .  .  .  . 
5  Piscis  Aust .  . 
a  Piscis  Aust.  . 

f  Gruis 

TT  Piscis  Aust .  . 

P  Pegasi 

a  Pegasi 

0  Gruis 

f'  Aquarii  .  .  . 
c'  Aquarii  .  . . 
c^  Aquarii    .  .  . 

1  Gruis 

7  Toucani  . . . 
(>'  Aquarii  .  .  . 
/'-  Aquarii  .  .  . 
h^  Aquarii  .  .  . 
I  Phoenicis    .  .  . 

Lac.  QS43 

5  Sculptoris  .  . 
r\  Toucani    .  . . 

€  Toucani 

f  Sculptoris    . 


59- 
0. 


I . 

I . 

8. 
22  9. 
22  10. 
22  13. 
22  15. 
22  18. 
22  18. 


7 
3 
I 
I 

I 

9 
2 
6 
2 
4 
9 

22  21 .8 
22  22.3 
22  22.4 
22  24.0 
22  24.4 
22  24.5 
22  28.9 
22  29.1 
22  33.1 
22  33.7 
22  35.2 
22  35-4 
22  36.2 
22  37-9 
22  41 .0 
22  43.0 
22  45.6 
22  46. I 
22  48.0 
22  49.0 
22  50.7 
22  53.5 
22  56.6 
22  57.7 
22  58.5 

22  59.8 

23  0.0 
23  2.8 
23  3-2 
23  3-3 
23  10. I 

23  16.4 
23  19-5 
23  26.7 
23  28.3 
23  32-7 
23  42.4 

23  51-0 
23  53-4 
23  55-9 


Dec. 


—  14  29 
—47  34 
—33  36 
—34  39 
-41  58 
—60  53 

—  8  24 

—  8  27 

—  2  I 

-65  36 
+  o  45 
-44  8 
—44  23 

—  0  40 
— II  19 
—32  59 
— 62  37 

—  0  46 

—  18  6 
—82  2 
—27  42 
—47  32 


—30  I 
—42  4 
—54  9 
-51  58 

—  14  15 

—33  32 

-  8  15 
— 16  29 
—33  12 
--30  17 
—53  25 
—35  26 
+27  24 
+  14  32 
—44  12 
—24  25 
—21  51 
-23  8 
—45  55 
-58  55 
—20  47 
— 21  20 
— 21  36 
-43  18 
—47  20 
—28  49 
—64  59 
—66  16 
—30  25 


4.29 

I 

1.70 

7 

4-79 

^■41 

5.02 

2.98 

6 

4.10 

5-34 

3-78 

4. 10 

2 

4.48 

4. 16 

4.21 

3-69 

5.28 

4.38 

5-65 

3-93 

5.21 

3-93 

4-33 

2. II 

8 

5-13 

5-12 

4.61 

3-45 

4.06 

4.66 

3.88 

313 

4-73 

1.49 

4.07 

5-14 

2.62 

2.54 

4.12 

4-93 

3-71 

4.86 

3.61 

3-89 

4.18 

4.42 

4.60 

4-47 

4.52 

4-34 

4.82 

2 

4.48 

3 

4.62 

I 

1-7 
4-5 
5.0 
5-4 
2.9 


4-5 

4.1 
4.1 


4.1 
5-9 


5-0 
4.1 

2-3 

5-4 
4-5 
4.1 

4-5 


4-5 
1-3 
4.1 

5-4 


U.A. 


S.M.P. 


2.0 

4-9 
5-3 
5-2 
2.9 


5.0 

4.2 
4-5 


4-7 
51 


4.6 


3-8 


4.9 


4-3 
1-5 
4-3 
5-4 


2.0 
4.6 

5.0 

2-5 


4.1 
4.1 


4-4 


4-5 

2.4 
6.6 

5-3 
5-1 
3-4 

4.6 


4.4 
1.8 
4-3 

5  5 


4.6 


4.2 
4.1 


[5-2] 
6.7 

5-5 
4.9 

5-3 


4.4 


4.2 


4-7 


4-7 
4.0 
5-0 


Mean 


4.70 

5.12 
2.82 


4.15 
4.26 


4.40 

2.24 
5-24 

4-65 
4.15 


Hongkong  Observatory, 
January  15,  1900. 


ON  THE  Dl.slRlHL  rioN  OF  ENERGY  IN  THE  SPEC- 
TRUM OF  THE  BLACK  BODY  AT  HIGH  TEMPER- 
ATURES.' 

Hy   F.    r  A  sen  E  N. 

I  WAS  able  to  show  in  a  previous  communication''  that  the 
Kiw  of  radiation  of  the  black  body  proposed  by  W.  Wien  is  the 
more  completely  confirmed  by  observations,  within  the  range  of 
temperature  from  lOo"  to  450°  C,  according  as  the  arrangement 
of  the  experiment  is  more  closely  adapted  to  the  theoretical 
premises.  This  law  has  also  received  an  important  support  from 
the  theoretical  researches  of  M.  Planck. 3  He  derives  the  law 
from  his  electro-magnetic  theory  of  radiation,  and  thereby  intro- 
duces onlv  one  additional  hvpothesis,  that  for  the  definition  of 
Entrojjy,  which,  although  not  regarded  by  him  as  fully  estab- 
lished, is,  however,  probably  more  reliable  than  the  assumptions 
which  led  Wien  to  the  same  results  based  on  the  kinetic  theory 
of  gases.  According  to  Planck's  presentation  also,  the  law 
aj)j)ears  to  be  a  rigorously  valid  law  of  nature,  and  its  contents 
])Ossess  a  general  significance. 

The  problem  remaining  for  experimental  investigation  is, 
first,  to  investigate  the  limits  within  which  the  law,  and  hence 
Planck's  assumptions,  are  found  to  hold  good  ;  and  second,  to 
determine  the  constants  of  the  law  as  accurately  as  possible. 

From  the  results  of  the  investigation  of  the  region  of  lower 
temperatures  I  expected  to  find  the  law  to  be  valid  within  very 
small  limits  of  error  at  higher  temperatures.  My  experiments 
showed,  however,  that  many  kinds  of  experimental  difificulties 
arise  here. 

^  Silzuttgsberichle  der  Berliner  Akadeviie.  Session  of  the  Physical-Mathematical 
Section  on  December  7,  1899. 

'This  Journal,  10,  40,  1899. 

3"  Ueber  irreversible  Strahlungsvorgange."  Sitzungsberichte  der  Berliner  Akade- 
mie.  Session  of  May  18,  1899,  p.  440. 
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While  cat  low  temperatures  the  production  of  radiation  by  the 
black  body  appears  quite  simple,  and  only  a  few  special  adapta- 
tions of  the  bolometer  are  necessary  in  order  that  the  radiation 
of  the  longer  wave-length  shall  be  sufficiently  absorbed,  it  was 
comparatively  difficult  forme  to  realize  the  radiation  of  the  black 
body  so  perfectly  at  higher  temperatures  that  its  energy  curve 
followed   the  law  within   the  limits  of  the  errors   of  observation. 

I  attempted  to  produce  the  radiation  first  by  cavities  with 
heated  walls,  and  secondly,  by  causing  the  total  radiation  from  a 
small  incandescent  surface  to  be  repeatedly  reflected  by  mirrors 
upon  the  surface  itself.  In  the  first  arrangement,  which  seems 
to  be  the  better,  it  is  extremely  difificult  to  heat  with  sufficient 
uniformity  the  walls  of  the  cavity  provided  with  an  aperture. 
The  greater  the  cavity  and  its  aperture,  and  the  higher  the 
temperature,  so  much  greater  will  be  the  difference  in  tempera- 
ture at  different  points  of  the  walls.  Not  until  these  differences 
were  reduced  to  a  small  amount  did  the  emergent  radiation 
exhibit  the  energy  curve  of  Wien's  law  with  a  sufificient  degree 
of  approximation. 

With  the  second  arrangement, — that  of  producing  the  radia- 
tion of  the  black  body  by  reflection, —  it  is,  indeed,  possible  to 
heat  a  small  opaque  surface  uniformly,  but  the  difficulty  is  to 
make  the  reflection  somewhere  nearly  complete.  Even  if  we  can 
only  correct  by  this  the  deviation'  of  the  radiation  of  the  surface 
from  that  of  the  black  body  at  the  same  temperature, —  a  differ- 
ence which  can  be  reduced  to  a  small  amount  by  the  use  of  a  suit- 
able surface  for  the  incandescent  layer, —  I  should  nevertheless 
have  been  obliged  to  use  an  expensive  reflecting  hemisphere. 
The  form  of  the  image  outside  of  the  center  of  a  reflecting 
sphere  introduces  further  an  irregularity,  varying  with  the 
temperature,  in  the  incandescence  of  a  surface  which  is  not  very 
small.  Finally  the  accurate  measurement  of  a  high  temperature 
turns  out  be  very  difficult  with  this  arrangement. 

On  gradually  improving  the  arrangement  of  the  experiment, 
according  to  both  methods,  I  have  found  that  each  improvement 

'  Wied.  Ann.,  60,  719,  1897. 
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reduces  the  amount  of  the  departure  of  the  results  of  the  obser- 
vations from  the  demands  of  theory,  until  finally  results  were 
obtained  by  both  methods  in  complete  agreement  among  them- 
selves and  also  apparently  in  sufficient  agreement  with  the 
results  obtained  at  lower  tcni])cratures.  The  slight  isolated 
deviations  from  the  law  found  in  the  results  now  to  be  commu- 
nicated arc  for  the  most  part  the  relics  of  larger  departures,  and 
therefore  only  prove  that  certain  defects  in  the  arrangement 
were  not  sufficientlv  overcome.  Should  we  desire  to  carry  the 
accuracy  of  the  measurements  still  further,  however,  it  would  be 
necessary  to  make  a  decided  improvement  in  the  arrangement, 
now  only  just  sufficient,  in  order  to  establish  the  validity  of  the 
law  within  still  smaller  limits  of  error. 

As  it  would  lead  us  too  far  aside,  if  1  were  to  detail  all  the 
researches  which  I  have  made  in  order  to  surmount  the  dififi- 
cultics  of  a  j)urelv  practical  nature.  I  shall  limit  myself  to  the 
communication  of  the  results  obtained  with  the  most  suitable 
arrangements  cmplo\ed  for  the  purpose. 

The  general  arrangement  of  the  spectroscopic  apparatus 
remained  the  same  as  for  the  investigation  at  lower  temperatures. 
In  all  the  measures  at  high  temperatures  the  exposed  bolometer 
filament  consisted  of  a  strip  of  platinum  4  mm  long,  0.3  mm  wide, 
and  2  „-'„  u  ^"^  thick,  which  was  covered  with  a  thick  layer  of  plati- 
num black,  and  was  placed  at  the  center  of  the  reflecting  hemi- 
sphere previously  described.  The  current  in  the  bolometer  was 
always  maintained  at  the  same  strength,  and  the  sensitiveness  of 
the  apparatus  to  radiation  was  varied  by  the  introduction  of 
resistances  in  the  circuit  of  the  galvonometer. 

The  temperature  was  always  measured  with  a  thermo-element 
of  wires  of  platinum  and  platinum-rhodium  of  0.15  mm  diameter, 
which  Mr.  Holborn  had  kindly  calibrated  for  me  in  1898.  All 
temperatures  above  450""  C.  correspond  to  this  calibration,  but 
lower  temperatures  correspond  to  the  scale  of  two  mercury 
thermometers  which  had  been  certified  by  the  Reiclisanstalt. 
The  thermo-electromotive  forces  were  measured  by  compensa- 
tion. 
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In  measuring  up  an  energy  spectrum  at  those  places  where 
the  energy  rapidly  changed  (at  small  wave-lengthsj  I  proceeded 
by  steps  of  the  apparent  breadth  of  the  bolometer  strip  (3'),  in 
order  to  be  able  to  accurately  apply  the  correction  for  the 
inijjuritv  of  the  spectrum  caused  by  the  width  of  the  bolometer 
strij)  and  the  equally  wide  slit.  In  the  remaining  part  of  the 
spectrum  I  selected  a  few  places  as  free  as  possible  from  absorp- 
tion and  uniformly  distributed.  Along  with  the  energy  curve 
thus  more  completely  observed  I  made  check  measurements  at 
the  same  temperatures,  determining  the  throw  of  the  galvanom- 
eter at  only  eight  or  ten  places,  uniformly  distributed  in  the 
spectrum.  These  served  as  a  check  on  the  more  complete 
energy  curves  and  for  the  most  part  they  are  not  given  in  the 
tables. 

The  observations  were  at  first  compared  with  the  theory  in 
the  same  way  as  in  my  paper  on  lower  temperatures.  For  this 
purpose  the  observed  values  of  the  wave-length  X„,  and  of  the 
intensity  y,„  of  the  maximum  of  the  energy  curve  were  given  in 
tables,  and  the  relations  obtained  for  these  constants  were 
tested,  viz.: 

I.  \,„.  T^  constant. 

II.  y,„/Z'5^=  constant.' 

In  case  the  observed  energv-curve   differs   appreciably  from  the 
theoretical  requirement,  viz  : 

HI.  ///,„=  ]f^'\> 

this  is  indicated   in   a    remark.      In  order  to   show  how   far  the 

observed  energy-curve  follows  this   law,  the  observed   points  of 

'  In  the  determination  of  the  values  X^  and  /m  from  an  energy  curve,  all  of  the 
observed  points  of  the  curve  are  always  employed,  so  that,  \,„  .  7"=  constant  at  the 
same  time  expresses  the  fact  that  each  wave-length  is  so  displaced  that  the  relation- 
ship X  .  T=:  constant  is  also  fulfilled.  In  case  relation  II  holds,  the  intensities  of  the 
wave-lengths  therefore  corresponding  with  each  other  are  further  proportional  to  T^ 
(Wien's  general  law).  The  energy  curves  at  different  temperatures,  expressed  in 
logarithmic  measure  (with  log/ for  ordinates  and  log  X  for  abscissas)  are  accordingly 
congruent,  o\  J /Jm  is  the  same  function  of  X/X,„  at  all  temperatures.  This  relation, 
together  with  I  and  II  above,  is  identical  with  the  relations  as  formulated  by  Wien. 
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different  energy-curves  are  represented  in  a  figure,  along  with 
the  theoretical  curve  III.  If  the  three  conditions  I.  II,  ami  III 
are  fulfilled,  Wien's  general  formula 

is  established.  A  more  rigorous  mode  of  investigating  the  law 
will  be  given  in   my  conclusion. 

I.      MF.ASLKKMIiNTS    ON    CAVITIES    WITH     HEATED    WALLS. 

A  cavity  of  unglazed  porcelain  was  made  in  the  manner 
described  by  Lummer  and  Kurlbaum.'  A  porcelain  cylinder  of 
5  cm  diameter  and  10  cm  length  having  six  cross  walls  was 
made  in  one  piece.  The  length  of  the  central  radiating  cavity 
was  5  cm,  and  it  had  two  chambers  both  before  and  behind  it. 
The  apertures  of  the  three  walls  in  front  had  an  area  0.6  sq.  cm. 
A  cylinder  of  platinum  foil  was  wrapped  around  the  porcelain 
cylinder,  and  was  heated  by  an  electric  current.  The  radiating 
body  was  surrounded  by  an  air  space  and  by  an  asbestos  cover- 
ing. The  losses  of  heat  by  conduction,  chiefly  due  to  the  aper- 
tures, cause  a  lack  of  uniformity  in  the  temperature  of  the  walls 
of  the  cavity.  The  wall  of  the  cylinder  is  hotter  than  the  rear 
wall,  and  this  again  is  hotter  than  the  front  wall,  which  is  esjie- 
ciallv  cooled  off  in  the  immediate  neighborhood  of  the  aperture. 
Without  a  protecting  cover,  the  upper  half  of  the  radiating  body 
is  hotter  than  the  lower  half,  in  consequence  of  the  rising  warm 
air,  and  those  parts  of  the  platinum  foil  which  are  in  contact 
with  the  porcelain  differ  from  those  which  are  not  in  contact. 
These  irregularities  increase  with  rising  temperature,  and  further 
depend  uj)on  the  external  protection  of  the  radiating  body  and 
upon  the  diaphragms  placed  in  front  of  the  aperture. 

The  thermo-element  was  introduced  through  the  rear  cross 
walls,  and  measured  the  temperature  of  the  radiating  part  of  the 
rear  wall.  As  soon  as  the  incandescent  body  has  reached  a 
stationary  condition,  the  thermo-element  almost  completely  van- 
ishes in  the  background,  even  if  very  considerable  difference  in 

'  Ber.  der  Phys.  Gesellschaft  zu  Berlin,  17,  106,  1898. 
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the  tcnij)crciturc  occur  in  the  walls, —  which  may  probably  be 
explained  by  the  near  ecjuality  in  the  reflecting  power  for  visible 
ravs  of  the  metal  wires  and  of  the  porcelain. 

In  the  three  following  series  of  measures  the  cavity  was  dif- 
ferently protected,  and  the  light  coming  from  the  aperture  was 
differently  diaj)hragmed.  For  a  given  series  the  arrangement 
was  kept  as  nearly  as  possible  the  same. 

LARGE  P0RCF:LAIN  CAVITY. 
TABLE  I 


Temperature 

Kn  W 

A„,  T 

/«, 

J,„/TSxioiS 

C. 

Abs. 

413-7 

686?5 

4.222 

2899 

0.5420 

3-553 

443-2 

716.2 

4-057 

2905 

0.6740 

3 

578 

643.8 

916.8 

3-199 

2933 

2.320 

3 

582 

693.0 

966.0 

3-044 

2941 

3.041 

5 

612 

907-3 

1180.3 

2.492 

2941 

8.464 

3 

695 

Ch.' 

933-0 

1206.0 

2-437 

2940 

8.560 

3 

764 

104S. I 

1321-1 

2-233 

2950 

15-03 

3 

737 

Ch. 

1053-4 

1326.4 

2.219 

2945 

15-65 

3.807 

Mean  2932 

m.  e.  =  5 

TABLE  II 


4ii?6 

684?6 

4-235 

2899 

0.5114 

3.398 

692.8 

965.8 

3-033 

2928 

2-855 

3-397 

r     At   the   longest  wave- 
l  lengths   higher   than   the 
'  theoretical  cur\'e. 

865-5 

X138-5 

2-556 

2911 

6.483 

3-383 

871.2 

1144.2 

2-575 

2946 

6-635 

3-389 

\     Ch.    Fits  the  theoretical 

958.2 

1231 .2 

2.381 

2931 

9.528 

3-370 

(  curve  poorly. 

Mean  2923 

m.  e.  =  8 

TABLE  III 


374-1 

647?2 

4-508 

2917 

0-5419 

4-774 

Ch. 

377-3 

650-3 

4.446 

2889 

0-5543 

4.767 

654.0 

927.0 

3-155 

2925 

3-265 

4.768 

Ch. 

664.6 

937-6 

3.113 

2919 

3-513 

4-850 

845.2 

1118.2 

2.610 

2918 

8-534 

4.888 

1043.4 

1316.4 

2.218 

2921 

18.79 

4.741 

if      Inaccurate  on  account 
(  of  unsteady  temperature. 

Mean  2915 

m.  e.  =  5 

Xh.  denotes  a  check  measure  as  distinguished  from  the  more  complete  measures. 
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The  third  of  this  scries  may  probably  be  regarded  as  the  best 
in  respect  to  arrangement.  The  differences  in  the  values  of  \mT 
and  J»,/T^  arc  larger  in  series  I  than  would  be  expected  from 
the  residuals. 

In  order  to  obtain  a  more  uniform  temperature  of  the  cavity, 
I  selected  the  arrangement  sketched  in  Fig.  i  a  and  b.  A 
metallic   crucible   T  {oi   copper  or  platinum),  with  thick  walls. 


Fig.  I. 

was  separated  into  two  chambers  by  two  round  separating  walls 
5,  of  the  same  metal,  with  small  round  apertures.  The  rear 
chamber  was  the  radiating  cavity.  A  porcelain  crucible  P,  with 
very  thin  walls,  surrounded  the  metallic  crucible.  For  the 
electric  heating  of  the  space  I  wrapped  about  this,  as  may  be 
seen  from  the  drawing,  the  platinum  foil  A  which  projected  out 
from  in  front  and  from  behind.  Q  was  an  asbestos  cover.  Two 
or  three  cross  walls  of  asbestos  were  also  attached.  The  length 
of  the  cavity  amounted  to  about  3.5  cm,  with  an  extreme  breadth 
of  3  cm.  The  round  apertures  in  S  had  a  diameter  of  about 
5  mm.  As  a  result  of  the  good  conductivity  in  the  metallic 
wall,  and  of  the  small  dimensions  of  the  ca\ity,  a  ])retty  uniform 
temperature  was  obtained  in  the  interior  of  the  cavity.  The 
thermo-element  7"  was  introduced  from  in  front  through  a  thin 
small   tube  of  porcelain.      When   the   inner  surface    of   the  w'all 
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was  composed  of  metallic  oxides  (of  co[)per  or  iron)  the  thermo- 
element did  not  disappear  in  the  background  unless  the  temjjera- 
ture  of  the  cavity  was  })ractically  uniform  throughout,  since  the 
reflection  of  the  visible  rays  was  very  different  from  the  platinum 
wires  and  from  the  metallic  oxides.  It  appeared  dark  on  a 
bright  ground  when  the  metallic  walls  6"  were  cooler  than  the 
back  part  of  the  crucible,  and  bright  on  a  dark  ground  when 
they  were  warmer.  The  temperature  distribution  in  the  cavity 
could,  however,  be  altered  according  to  the  mode  of  the  external 
wrapping  with  asbestos,  and  it  was  possible  to  regulate  this  in 
such  a  way  that  the  thermo- element  almost  entirely  disap- 
peared.' 

If  the  interior  metal  wall  was  surrounded  with  porcelain, 
however,  this  appearance  ceased  to  give  a  sensitive  mode  of 
judging  of  the  inequalities  of  temperature  in  the  cavity. 

First  arrangement.  The  metal  crucible  was  of  copper,  which 
oxidized  on  incandescence  in  the  air,  and  was  almost  entirely 
converted  into  oxide  at  the  close  of  the  experiment. 

TABLE  IV 


Temperature 

A,« 

A,„-  T 

Jni 

/„/  rsxiois 

C. 

Abs. 

56o?o 
885.3 

833-0 
I158.3 

3.482 
2.525 

2900 
2925 

1.583 
8.410 

3.946 
4-035 

50I?2 

685.2 

«78.7 

774-2 

958.2 

1171-7 

3-748 
3-067 
2.502 

2901 

2939 
2931 

0.8532 

2.464 

6.669 

3.069 
3.050 
3.021 

|-   Apertures 

smaller. 

Mean  2919 

m.  e.=  8 

Second  arrangement.  The  metal  crucible  was  of  platinum. 
The  inner  surface  of  the  cavity  was-  covered  with  a  thin  wall  of 
porcelain.  (A  second  porcelain  crucible  was  fitted  into  the 
platinum  crucible.  The  front  cross  wall  of  the  cavity  consisted 
of  porcelain  on  the  inside  and  j)latinum  on  the  outside.) 

'The  wires  could  no  longer  be  seen  by  an  observer  who  did  not  know  their 
location. 
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TABLE  V 


Temperature 

A,M 

A„,-  T 

■/,«        /,„  rsxio's 

C. 

Abs. 

4II?I 

684?! 

4.212 

2882 

0.2015         I 

344 

Ch. 

731-6 

1004.6 

2.896 

2910 

1.380          I 

349 

732.0 

loos-o 

2.891 

2904 

1-394             I 

300 

Ch. 

733-7 

1000.7 

2.884 

2903 

I. 401             I 

355 

Ch. 

1029. 1 

1302. I 

2.233 

290S 

5.286             I 

413 

Ch. 

1035 -7 

1308.7 

2.223 

2910 

5-237             I 

363 

1044-3 

I3I7.3 

2.217 

2920 

5-534            I 

396 

Ch. 

1283.9 

1556.9 

1.887 

2939 

12.80              I 

399 

Mean  2910 

m.  e.  =  6 

Third  arrangement.  The  platinum  crucible  of  the  previous 
arrangement  was  covered  with  iron  oxide  after  the  removal  of 
the  porcelain  wall. 

TABLE  VI  a 


Temperature 

^ftt 

A,«-  T 

J,,i 

/,„  rSXio'S 

C. 

-Abs. 

743-0 

ioi6?o 

2.858 

2899 

1. 514 

1.398 

1060.5 

1333. 5 

2.188 

2917 

5-984 

1. 419 

467.6 

740.6 

3.864 

2862 

0.3221 

1.446 

';oo.6 

773-6 

3-713 

2873 

0.4042 

1-458 

Ch. 

687.4 

960.4 

3.010 

2891 

1.208 

1.478 

731-4 

1004.4 

2.865 

2878 

1.507 

1.474 

Ch. 

951-4 

1224.4 

2-367 

2898 

4-134 

1-503 

961.2 

1234.2 

2.357 

2908 

4-331 

1.508 

Ch. 

979-5 

1252.5 

2.310 

2893 

4-578 

1.484 

982.0 

1255.0 

2.312 

2902 

4.639 

1.489 

Ch. 

1294-3 

1567.3 

1.849 

2898 

14.39 

1.523 

c  At  long  wave-lengths 
^deviations  from  the  theo- 
(  retical  curve  occur. 

423-2 

696.2 

4-153 

2891 

0.4088 

2.501 

737-5 

1010.5 

2.861 

2891 

2.795 

2.655 

762.5 

1035-5 

2.791 

2890 

3.235 

2.719 

791.6 

'1064.6 

2.721 

2897 

3.632 

2.655 

C  The  observed  points  lie 
J  above  the  theoretical 
]  curve  at  both  ends  of  the 

1008.4 

1281.4 

2.271 

2909  • 

9.438 

2.734 

1  curve. 

1221 . 

1494- 

1.967 

2941 

20.08 

2.690 

\      The  curve  is  too  high  at 

\  the  longer  wave-lengths. 

Mean  2896 

m.  e.=4 

The  platinum  crucible  was  freshly  covered  with  iron  oxide  ; 
aperture  very  small  and  incandescence  very  uniform. 
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Temperature 

A«, 

A,«-  T 

Jm 

/,„  rsxio'5 

C. 

Abs. 

70i?4 

974-4 

2.960 

2886 

1.726 

1-963 

Ch. 

706.3 

979 

-3 

2-951 

2890 

1.767 

1 .961 

992.7 

1265 

7 

2.286 

2893 

6-557 

2.01 1 

995-6 

1268 

6 

2.282 

2895 

6.647 

2.023 

Ch. 

1019.7 

1292 

7 

2.246 

2905 

6.920 

I-915 

Ch. 

1259-4 

15.^,2 

4 

1.907 

2921 

16.62 

1 .966 

Ch. 

1260.3 

1533 

3 

1 .906 

2921 

16.79 

1.981 

Mean  2901 

m.  e.  =  5 

A- 


— r~ 


G 
A^ 


II.       ME.XSUREMENTS    OF    THE     RADIATION    OF    THE     BLACK    BODY    BY 
THE    METHOD    OF    REFLECTION. 

The  following  arrangement  of  the  incandescent  body  was 
chosen  for  the  experiments  now  to  be  described  (Fig.  2,  <?,  b,  ^). 
The  radiating  sheet  of  platinum  P, 
of  0.05  mm  thickness,  and  of  about 
30  mm  length  and  16  mm  width,  and 
two  shorter  sheets  of  platinum  S, 
insulated  by  mica  G,  are  wrapped 
about  a  strip  of  platinum  foil  or 
platinum-iridium  foil  A,  which  heats 
P  and  5,  being  itself  heated  by  an 
electric  current.  The  thermo-element 
T  is  insulated  by  mica  from  the  sheet 
5"  and  from  the  parts  of  P  furthest 
from  the  middle,  and  touches  P 
with  the  junction  from  the  inside, 
that  is,  is  attached  with  the  junction 
at  the  middle  of  P.^ 

The  piece   P  becomes   uniformly  incandescent  as   soon  as  a 

high   temperature   has   been   once   suddenly  produced,  at   which 

the  water   present  in  the  mica  quickly    vaporizes    and    thereby 

'  In  some  of  the  experiments  the  junction  was  situated  in  the  exterior  surface,  so 
that  the  conducting  wires,  insulated  by  a  coating  of  iron  oxide,  passed  through  P;  or 
the  ends  of  the  thermo-element  which  were  not  soldered  together  were  allowed  to 
touch  /•  from  within.  The  indications  of  temperature  up  to  800'  C.  were  almost  the 
same  in  all  these  arrangements. 
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uniformly  inflates  the  strip  of  platinum  P.  The  front  surface  of  P 
was  so  adjusted  in  the  central  plane  of  a  reflecting  hemisphere 
that  it  was  covered  as  closely  as  possible  by  its  reflected  image. 
The  reflecting  surface  had  a  diameter  of  15  cm  and  consisted  of 
German  silver;  it  had  a  good  sj>hcrical  figure  and  was  admirably 
polished.  It  had  a  small  aperture  toward  the  incandescent  sur- 
face /'through  which  the  radiation  fell  on  the  slit.  The  dimen- 
sions of  the  incandescent  surface  P  are  larger  than  was  necessary 
to  fill  the  diaphragm  in  front  of  the  prism  of  the  spectroscopic 
apparatus,  on  account  of  the  imperfections  of  the  image.  The 
ratliation  from  a  portion  of  P oi\\y  about  10  mm  X  20  mm  reaches 
the  bolometer.  In  so  far  as  the  radiation  of  this  smaller  surface 
is  reflected  on  neighboring  parts  of  P  and  not  on  the  surface 
itself,  in  consequence  of  the  imperfections  of  the  image,  the 
radiation  of  these  neighboring  portions  does,  nevertheless,  fall 
back  upon  the  central  portion.  With  a  uniform  incandescence 
of  /'this  arrangement  is  accordingly  equivalent  to  that  in  which 
the  small  surface  onlv  is  present,  and  receives  its  own  radiation 
completely  returned  upon  itself. 

First  arrangements  (for  lower  temperatures).  The  radiating 
sheet  of  metal  is  covered  with  platinum  black.  A  bolometer 
strip  6'  wide  is  employed  in  the  reflecting  hemisphere.  (See  my 
paper  on  lower  temperatures). 

TABLE  VII 


Temperature 

Av<l 

A,«-r 

Jm 

/»«/7"SXioi4 

C. 

Abs. 

99-9 

372-9 

7-730 

2883 

0.2737 

3-797 

186.9 

459-9 

6.251 

2875 

0.7805 

3 

793 

190.7 

463-7 

6. 211 

2880 

0.8136 

3 

797 

192. 1 

465.1 

6-194 

2883 

0.8248 

3 

788 

Larger  deviations  ■ 

313-2 

586.2 

4.926 

2887 

2.620 

3 

787 

^16.7 

589.7 

4-899 

2S90 

2.683- 

3 

761 

31S.8 

591.8 

4.881 

2889 

2.730 

3 

760 

453-6 

726.6 

3-985 

2896 

7.642 

3 

773 

599-4 
603.2 

872.4 
876.2 

3-327 
3-312 

2902 
2901 

18.93 
19.56 

3 
3 

747 
787 

\  Higherat  the  ends  than 
t    the  theoretical  curve  ' 

618.3 
624.1 

891-3 
897-1 

3-252 
3-232 

2899 

2900 

21.30 

21-93 

3 
3 

760 
773 

Somewhat  too   high  at 
the  ends i 

Mean  2890 

m.  e.  =  3 

'  At  the  higher  temperatures  the  sheet  is  somewhat  irregular  in  its  incandescence. 
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Second  arrangement.  The  bolometer  strij)  of  6'  breadth  is 
replaced  by  one  of  3'.  The  radiating  body  i.s  the  same  as  in  the 
first  arrangement. 

TABLE  Villa 


Temperature 

A,« 

Am-r 

Jm 

/»i/7"SXloi5 

C. 

Abs. 

387-0 

66o°o 

4-380 

2891 

0.5923 

4.742 

400 

8 

673-8 

4.290 

2891 

0.6591 

4 

742 

418 

7 

691.7 

4.178 

2890 

0.7498 

4 

756 

419 

I 

692.1 

4.176 

2891 

0.7647 

4 

780 

549 

I 

822.1 

3.531 

2904 

1-783 

4 

743 

557 

3 

830.3 

3-495 

2912 

1.875 

4 

753 

574 

9 

847-9 

3-424 

2903 

2.095 

4 

779 

633 

5 

906.5 

3-214 

2913 

2.926 

4 

781 

Mean  2899 

m.  e.  =  3.5 

Third    arrangement.     The    platinum    strip    is    covered    with 
oxide  of  copper. 


TABLb:  VIII  b 


Temperature 

>^m 

Kn-T 

Jm 

/,„    7-5X1015 

c. 

Abs. 

56o?5 

833-5 

3-488 

2907 

1.907 

4-737 

643 . 1 

916. 1 

3-174 

29C8 

3-095 

4-797 

656.9 

929.9 

3. 126 

2907 

3-331 

4.792 

737-8 

1010.8 

2.877 

2908 

5.089 

4.827 

848. 

1121 . 

2-596 

2908 

8-494 

4-799 

861. 

"34- 

2-559 

2901 

8.874 

4-732 

Mean  2906 

m.  e.  :=  I 

The  following  measurements  were  obtained  with  a  somewhat 
different  adjustment  of  the  radiating  body  and  of  the  bolometer, 
and  with  a  sheet  of  platinum  P  which  was  not  uniformly  incan- 
descent in  the  reflecting  sphere  : 


Temperature 

A,« 

t^m-T 

Jm 

J,n    rSXio'S 

C. 

Abs. 

387-2 
646.6 
868.2 

66o?2 

919.6 

1141.2 

4-367 

3-159 
2-565 

2883 
2905 
2926 

0.6084 
3.196 

9-454 

4-856 
4.859 
4.882 

(  Observed  cur\e  is  too 
C      high  at  the  ends. 

;oo 
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A  strip  covered  with   iron  oxide  and   uniformly  incandescent 
gave  : 


Temperature 

Am 

Kn-T 

Jm 

/,„'7'5Xtoi5 

C. 

Abs. 

7S6?S 

I029?5 

2.817 

2900 

5-655 

4.891 

It  is  very  difficult  to  obtain  a  uniform  incandescence  of  a 
larger  surface  at  the  higher  temperatures  with  the  arrangement 
described,  if  an  image  of  the  surface  itself  is  reflected  upon  itself 
by  the  hemisphere.  The  central  parts  of  the  surface  receive  a 
greater  amount  of  reflected  radiation,  and  are  better  protected 
from  loss  of  heat  than  the  edges.  I  have  obtained  a  fairly  uni- 
form condition  of  incandescence  in  the  reflecting  envelope  with 
a  surface  10  mm  wide  of  platinum  o.i  mm  thick,  when  the  back 
side  of  the  strip  was  protected  from  loss  of  heat  by  a  cover  of 
mica  or  asbestos.  Outside  of  the  center  of  the  reflecting  s|)here 
the  strip  is  then  less  incandescent  than  at  the  edge,  and  if  its 
image  is  projected  upon  itself  it  will  be  uniformly  incandescent  at 
one  definite  temperature  only.  The  strip  to  which  the  following 
results  refer  was  most  uniformly  incandescent  at  about  lOOO"  C. 
With  this  arrangement  I  could  no  longer  obtain  a  reliable  deter- 
mination of  .the  temperature  with  the  thermo-element,  since  the 
mica  insulation  of  the  wires  is  insufficient  at  1000°.  For  one 
set  of  energy  curves  I  have  determined  the  temperatures  which 
seem  to  satisfy  most  closely  laws  I  and  II.  The  curves  had 
very  nearly  the  shape  demanded  by  theory. 

Fourth  arrangement.  A  surface  of  10  X  25  mm,  blackened 
with  iron  oxide  ;  the  diaphragm  in  front  of  the  prism  smaller. 

TABLE  IX 


Abs.  Temp, 
assumed 


834-9 
IOI4. 
I02I .5 

1273- 

1496. 


,  (obs.) 


3?468 
2.862 

2.835 
2.280 

1-945 


2805 
2900 
2896 
2903 
2910 


/,„  (obs.) 


I -134 
3-015 
3.129 
9-478 
21.47 


/m/T'SXioiS 


2.796 
2.821 
2.815 
2.833 

2.866 


The  last  end  of  the  curve 
at  long  wave-lengths  is 
a  little  too  high. 
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It  should  be  further  nicntioucd  tliat  measurements,  showing 
tolerable  agreement  with  the  experiments  described  and  with  the 
law,  were  made  with  a  reflecting  hemisphere  of  bronze,  and  with 
a  different  arrangement  of  the  incandescent  strip  of  platinum. 
As  the  arrangement  was,  however,  defective   in   many   respects. 


Fig.  3. 

these  measures  need  not  be  taken  into  consideration  in  com- 
parison with  those  described. 

It  follows  from  the  preceding  results  that  the  relations  I  and 
II  have  been  found  to  hold  good  with  a  pretty  close  degree  of 
approximation  with  most  of  the  arrangements  described.  Some- 
what larger  deviations  do  indeed  occur  in  a  few  of  the  series. 

The  observed  points  of  a  series  of  energy  curves  are  repre- 
sented with  log  J  as  ordinate  and  log  X  as  abscissa,  in  Fig.  3, 
and  their  symbols  are  given  in  the  following  list.  For  con- 
venience of  inspection  log  /„,  is  made  the  same  in  all  the 
curves. 
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LIST  OF  THE  ENERGY  CURVES  REPRESENTED  IN  FIG.  3- 


Temp.  C 

A/« 

logA,„ 

Table 

Symbol 

99' 
190 

318 
453 
574 
706 

.   933 
1283 

9 

7 
8 
6 
9 
3 
0 

9 

7.730 
6. 211 

4.881 
3.985 

3  424 
2.95' 

2-437 
1.887 

0.8882 
0.7932 
0.6885 
0.6004 

0-5345 
0.4700 
o.386g 
0.2758 

VII 

VII 

VII 

VII 

Villa 

VI 

I 

V 

0     0     © 
XXX 

<3>     H     Q 
T     |.|     i 

^     <*>     ^ 

@    @    ® 

These  curves  teach  first  the  validity  of  the  proposition  that 
all  energy  curves  represented  logarithmically  are  congruent,  and 
second,  that  law  III  holds  good,  as  the  observed  points  very 
closely  follow  its  curve  indicated  by  the  dotted  line.  Conse- 
quently law  IV  appears  to  be  confirmed  in  all  its  parts  by  the 
observations.  A  more  rigorous  test  of  the  validity  of  the  law 
can  be  obtained  as  follows  : 

If  we  write  law  IV  in  the  form 

I 


IV  a. 


'og^. 


r„  .  losr  e 


\.  T 


log  (/.  A5) 

the  test  of  law  IV  mav  be  reduced  to  that  of  a  straight  line,  if 
we  lay  off  log  i/.X'=)  and  consider  it  as  a  function  of  t"^  • 
The  form   of  an  energy  curve  I  ™  =  constant|  is   hereby  reduced 


to  that  of  a  straight  line  in  the  same  way  as  in  the  case  of  an 
isochromatic  line  (=  constant j  for  which  I  had  previoush- 
adopted  this  mode  of  representation.  I  gave  in  Table  X  the 
observed  values  of  log  (/^^)  for  a  series  of  check  measure- 
ments' which  were  made  (i)  with  the  reflecting  hemisphere 
(copper  oxide^  Table  VIII  b;  or  platinum  black,  Table  Villa  ; 
designated  in  Table  X  by  CuO  or  Ft)  ;  (2)  with  the  platinum 
crucible   cavity,  which  was   covered   with    iron  oxide''  Table  VI; 

'These  check  measures  were  mostly  made  in  connection  with  the  measurements 
of  the  complete  energy  curves,  the  results  of  which  are  given  in  the  proper  tables. 
All  the  measures  were  made  at  exactly  the  same  wave-lengths. 

*  All  of  the  intensities  /observed  with  this  arrangement  have  been  multiplied  by 
the  factor  2.421,  in  order  that  they  may  be  comparable  with  the  intensities  with  the  other 
arrangements.     The  factor  is  the  ratio  of  the  values  o\  Jm/T^  in  Tables  VI  and  VIII. 
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designated  in  Table  X  by  large  H).  The  numbers  below  give 
the  difference,  in  units  of  the  third  decimal,  of  the  observed 
values,  and  computed  according  to  formula  IV  a  (O.-C.)  The 
following  values  of  the  constants  were  employed  in  the  com- 
putation : 

c,=  146030 

c,^  14531 
The  numbers  of  the  horizontal  row  represent  an  energy  curve, 
which  calculated  as  such,  yield  the  constants  printed  at  the 
right.  The  numbers  in  the  vertical  column  represent  an  iso- 
chromatic  curve,  which  calculated  as  such  yields  the  constants 
printed  below.  We  can,  of  course,  locate  each  individual  series 
within  small  limits  of  error  on  the  corresponding  straight  line  in 
the  same  manner  as  we  may  all  of  the  numbers  of  all  of  the 
series  of  the  comprehensive  formula.  But  even  the  differences 
outstanding  in  this  case  correspond  for  the  most  part  to  onl}-  a 
few  per  cent,  in  the  value  of /X.^.  A  deviation  of  4,  9,  13, 
17,  21,  25,  etc.,  units  of  the  third  decimal  correspond  to  1,2,  3, 
4,  5,  6,  etc.,  })er  cent,  in  the  value  of  J\^.  Within  these 
limits  of  error  the  law  is  in  any  case  demonstrated  by  this  cal- 
culation. 

TABLE  XI 


AKc    T 

\  I  A 

7.738 

6.263 

4.663 

3-354 

2.279 

1.887 

Energy 

cun-es 

0.00       \ 

0.12924 

0.15967 

0.21444 

0.2982 

0.4389 

0.5300 

c. 

C. 

723-0' 

1383 

4.684 

+4 

4.422 
+6 

3-9.39 
—  I 

3-207 

-7 

1-993 

-I 

1.206 
0 

634600 

14450 

577-1 

1733 

4.394 

4.066 

3-468 

2-559 

1. 021 

0.047 

636700 

14465 

—  2 

+1 

—  2 

0 

-7 

+9 

462.4 

2162 

4.042 

3-631 

2.892 

1.758 

0.847-1 

634100 

14445 

-5 

-3 

+  1 

+4 

+4 

373-0 

2681 

3.627 
0 

3. 116 

+  1 

2.190 
-3 

0.783 
—  I 

633100 

14445 

Isochromatic  ^  Ci 

629600 

642900 

630300 

623000 

633700 

600000  3 

curves 

■      Ki 

14440 

14490 

14450 

14430 

14460 

14370 

'The  wave-lengths  belonging  to  this  temperature  were:  7. 740/i,  6.264,  4.664, 
3  356,  2.2181,  1889/i,  and  are  calculated  with  these  values. 

•The  isochromatic  curves  are  here  calculated  on  the  basis  of  erjual  weight  for  all 
observations,  (as  in  the  computation  of  Formula  I  Va).  Different  weights  were  assigned 
in  the  earlier  calculations. 

3  By  an  oversiglit  the  value  738800  was  previously  given  at  this  point. 
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Mean  values 


Formula  IVa  ^""^y  Isochromatic 

curves  curves 

Ci  -         -         633000  634600  631900 

C,      -         -         -       14450  14450  14450 

To  facilitate  comparison  with  the  results  at  the  lower  tem- 
peratures 1  have  calculated  the  set  of  observed  numbers'  previ- 
ously communicated  in  the  same  manner,  and  give  them  in  Table 
XI.  We  see  that  these  observations  yield  a  still  closer  validity 
of  the  law,  as  was  to  be  exj)ected  from  the  theoretically  better 
arrangement  of  the  experiments. 

Wien's  law  may  accordingly  be  regarded  as  demonstrated  as 
well  as  the  difificulties  of  the  experiments  admit,  within  the 
range  of  wave-length  from  9.2/A  to  0.7^1  (and  in  the  research 
carried  on  in  conjunction  with  Wanner,^  to  0.5/u,),  and  within  the 
range  of  tem.perature  from  1300"^  C.  to  100°  C.^ 

I  consider  the  determination  of  the  constant  c^  of  the  law  as 
the  final  object  of  my  researches.  For  lower  temperatures  I 
determined  its  value  from  experiments  on  cavities  as  14455/u,  x 
degree  of  the  absolute  or  of  the  Celsius  scale. 

From  the  radiation  at  lower  temperatures  produced  by  reflec- 
tion Table  VII  gives 
^:2=  5  X  X„,  .  7^^  5  X  2890  =  14450  with   a  mean  error  =  15. 

The  following  value  is  yielded  by  the  observations  now  com- 
municated at  higher  temperatures.  We  have  found  as  mean 
values  of  \,„  .  T: 

Cavities 


Table        I 

II 

III 

IV 

v 

via 

VIb 

X,„  .  T          =  2932 

2923 

2915 

2919 

2gio 

2896 

2901 

Mean  error  =^      4 

8 

5 

8 

6 

4 

5 

Table 

leflection 

villa 

Vlllb 

X,„  .  T 

= 

2899 

2907 

Mean  error  = 

^■^ 

I 

'  Paper  on  lower  temperatures.  '  This  Journal,  9,  300,  1899. 

3  Since  in  the  observations  of  lower  temperatures  the  radiation  of  the  space  in 
front  of  the  slit  contributes  a  considerable  amount  with  the  slide  let  down,  which 
amount  is  added  to  the  observed  intensity,  the  lower  temperature  limit  is  the  more 
correct. 
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This  mean  is 

^m  •  ^  ^2  =  5  X  A„, .  r 

with  equal  weights  of  all  values  -  2qi  i  14555 

with  the  omission  of  the  values 

which  seem  least  reliable  in  Tables  1  aiul  II         2907  '4535 

The  last  value  is  in  accord  with  that  on  which  the  calculation 
in  Tabic  X  is  based,  viz.,  c^=  MSS'- 

The  results  of  individual  series  deviating  most  from  the 
means  are,  omitting  Tables  I  and  II  : 

Table  Temp.  C.  A,„  .  T  <-j  -  5  X  A„,  .  T 

Via  -         467.6  2862  i43'o 

Via      -         -   1221  2941  14705 

I  estimate  the  highest  possible  error  of  the  mean  value  of 
X,„  .  7^  to  be  16;  and  hence  that  of  c^  to  be  80. 

A  somewhat  larger  value  is  therefore  obtained  from  the 
experiments  at  higher  temperatures  than  from  those  at  lower 
temperatures.  We  shall  not  be  disposed  to  attach  an  excessive 
weight  to  the  values  of  the  constant  c^  found  at  higher  tempera- 
tures when  we  consider  the  great  experimental  difificulties  at  high 
temperatures,  and  in  particular  the  rather  imperfect  arrangement 
for  producing  the  radiation',  and  further  the  still  considerable 
uncertainties  which  seem  to  be  possible  in  the  determination  of 
higher  temperatures,  according  to  the  experiments  of  Holborn, 
Wien,  and  others.  In  my  opinion  the  value  c^  —  14455  found 
with  lower  temperatures  and  relatively  perfect  arrangements  is 
to  be  regarded  as  the  more  reliable,'  similarly  to  the  case  of  the 
determination  of  the  constants  of  the  law  of  total  radiation  for 
which  a  precise  arrangement  at  low  temperatures  is  preferred. 

■  I  do  not  give  a  comparison  of  my  results  with  those  published  by  O.  Lummer 
and  E.  Vnngshe'im.  (Verhandlungen  der  Deudchen  Physikalischen  GeseUschaft,\,'^6.  l). 
as  it  was  indicated  in  an  address  by  Herr  Pringsheim  at  the  last  meeting  of  the  Ger- 
man Scientists'  Association  that  the  measurements  are  still  being  continued. 


THE  VARIAIU.K  VELOCITY  OF  e  LEONIS  IN  THE 
LINE  OF  SIGHT. 

By  W.  S.  Adams. 
I  WISH  to  call  attention  to  the  evident  variation  in  the  radial 
velocity  of  e  Lco/iis,  a  third  magnitude  star  of  Type  II  a.  Three 
spectrograms  taken  with  the  Yerkes  refractor  in  February  and 
the  first  part  of  March  gave  velocities  of  +10.4,  +i-2,  and 
—  1.5  kilometers,  respectively.  As  a  range  of  four  kilometers  is 
considered  extreme  in  measures  of  a  star  of  this  type  with  the 
dispersion  and  the  camera  employed,  it  was  apparent  that  the 
velocity  varied,  and  subsequent  plates  confirmed  this  variation. 
Fifteen  plates  have  been  secured,  the  results  of  which  are  as 
follows  : 


1900,     Feb 


1 1 

26 

March    6 

9 


1900, 

March 

30 

—  i.okm 

April 

31 

2 

-5-9 
-1.8 

" 

3 
6 

-57 
+3.0 

" 

7 

-12.9 

9 

—0.1 

+  io.4kni 
+  1.2 
-1-5 
-3-0 
"      22  —10.6 

"  23-15  h  -3.4 
"  23-i9h  —0.2 
"       26  +3-6 

The  total  range  given  by  these  observations  is  23.3  km,  and 
the  period  is  apparently  very  short,  probably  in  the  neighborhood 
of  two  and  a  quarter  days. 

All  of  these  plates  were  obtained  with  the  Brashear  three- 
prism  spectrograph  attached  to  the  40-inch  refractor  and  with 
a  camera  of  456  mm  focal  length.  For  a  comparison  s[)ectrum 
the  titanium  spark  was  employed,  which  gives  in  the  region  meas- 
ured (X  4450-4650)  a  remarkably  large  number  of  fine  sharp 
lines,  well  adapted  to  close  measurement  and  conveniently 
spaced  for  the  application  of  the  Cornu-Hartmann  interpolation 
•  formula.  The  measures  upon  the  plates  have  been  made  in  both 
directions,  but  no  systematic  variations  have  been  detected 
between  the  values  obtained  with  red  to  right  and  red  to  left. 
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The  probable  errors  of  the  measures  of  course  vary  greatl}' 
with  the  (jualitv  of  the  two  spectra  and  the  number  of  lines  suit- 
able for  measurement.  The  average  probable  error  for  the 
series  is  about  Lh0.30km:  the  two  most  critical  plates,  those  of 
February  ii  and  April  /.give  ±:0.i8km  and  ±0.23  km  for  15 
lines  and  1 1  lines,  resjjcctively.  It  should,  however,  of  course  be 
noted  that  the  probable  error  is  of  value  mainly  as  evidence  of 
the  consistency  of  the  measures,  and  not  as  the  probable  limit  of 
error  in  the  result  obtained  for  a  given  plate.  This  is  due  to  the 
fact  that  svstematic  errors  even  under  the  best  conditions  enter 
to  such  an  extent  as  to  considerably  outweigh  it. 

In  view  of  the  apparent  short  period  of  the  velocity  variation 
it  would  seem  probable  that  e  Leonis  is  a  comparatively  close 
system,  and  hence  peculiarly  subject  both  to  tidal  disturbances 
and  to  the  perturbations  caused  by  the  flattening  of  the  com- 
j)onents,  and  already  noted  by  Tisserand  and  Bclopolsky  in  the 
cases  of  Algol  and  a'  Gcminortim. 

Verkes  Observatory, 
April  17,  1900. 


THE  CURVATURE  OF  THE  SPECTRAL  LINES  IN  THE 
SPECTROHELIOGRAPH. 

Bv  W.  S.  Adams. 

When  the  new  spcctroheliogra]jh  of  the  Yerkcs  Observatory 
was  designed  the  question  of  the  curvature  of  the  spectral  lines 
became  of  great  importance  as  determining  the  form  of  the  slits 
to  be  used  in  correcting  the  distortion  of  the  solar  image.  That 
this  curvature  must  necessarily  be  very  great  is  apparent  from 
the  fact  that  to  include  the  entire  image  of  the  Sun  in  the  focal 
plane  of  the  forty-inch  objective  a  slit  nearly  eight  inches  in 
length  is  required,  together,  of  course,  with  j)risms  of  corre- 
sponding height.  In  the  course  of  the  determination  of  the 
curvature  some  results  were  arrived  at  which  may  be  of  inter- 
est as  bearing  upon  the  character  of  the  familiar  Ditscheiner 
formula.^ 

In  order  to  secure  axes  of  reference  for  measurement  a  series 
of  very  fine  wires  were  stretched  across  the  first  slit  and  fastened 
by  means  of  "  Rowland's  universal  wax."  These  were  repre- 
sented upon  the  photographic  plate  by  sharp  lines,  the  relative 
distances  of  which  could  be  determined  with  great  accuracy,  and 
which  consequently  were  well  adapted  to  serve  as  axes  of 
abscissae.  For  the  corresponding  axis  of  ordinates  the  edge  of 
the  exposure  produced  by  the  widened  second  slit  was  taken. 
To  insure  perpendicularity  the  slits  were  first  set  as  nearly  par- 
allel as  possible  and  a  slight  correction  for  slope  was  applied  later 
to  the  measures.  These  last  were  made  upon  the  aluminium 
line  at  X3944,  K  itself  being  too  broad  and  diffuse,  and  are  accu- 
rate to  0.0 1  mm,  the  nature  of  the  line  and  the  slightly  fuzzy 
edge  of  the  exposure  preventing  closer  measurement.  The  dis- 
tances between  the  axes  of  abscissae,  however,  are  accurate  to 
o.ooi  mm. 

'Scheinek's  Asironowica/  Spectroscopy  (Frost),  p.  15. 
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It  at  once  became  desirable  to  compare  these  measures  with 
the  results  given  by  the  constants  of  the  instrument,  and  here  it 
was  evident  that  the  approximate  character  of  the  Ditscheiner 
formula  would  i)robably  debar  its  use.  In  order  to  develop  a 
rigorous  expression  I  had  recourse  to  the  method  used  by  Profes- 
sor Lord  for  the  derivation  of  the  ordinary  foimula,'  and,  taking 
the  ecjuations  obtained  by  him  in  the  first  part  of  his  article,  sub- 
stituted in  them  rigorous  values  for  the  angles  involved.  The 
process  then  consisted  merely  of  solving  for  the  unknown  quan- 
tity, the  sign  of  the  radical  being  determined  by  the  conditions 
of  the  problem.     Using  Professor   Lord's  notation   the  result  is 

_  — —  sin      -  sin-' (//sin  -  j  +  sin-'  j  —  wcos^sin- 

+  ^sin'  A  ^Y^^  +  n^  sin^  ^  (cos  ^  +  i)^  [  ]  ' 

in  which /and/'  denote  the  focal  lengths  of  the  camera  and 
collimator  lenses  respectively.  The  prisms  are  considered  to  be 
in  the  position  of  minimum  deviation. 

This  is  the  result  for  a  single  j)rism.  P'or  a  second  prism  it 
is  clear  that  the  conditions  are  different  in  that  we  are  obliged  to 
consider  the  curved  form  of  the  image  emerging  from  the  first 
prism.  The  procedure,  however,  is  as  before  except  that  the 
angle  of  projection  of  the  incident  ray  upon  the  principal  section 
of  the  prism  [x)  can  no  longer  be  considered  constant.  The 
result,  which  is  somewhat  complicated,  is  as  follows: 

--;=^  — sinl    —  sin-' (// sin  —  j  +  sin— ' 

\  —  cosy^  sin    sin— '  (// sin      \  —  (x  —  xl)\ 

I  .           '/J  (fi"  —  \\    ,  .   ^A  ,     ,  ..         .    ,   ^    .      r  • 

-|-  -^1  sm''  A  —-7Z. 7^ — V  2//  sm"*  —  (i  -f-  cos  A)  —  sm^^  sm-    sm— ' 

where 

'  This  JoLRNAl.,  5,  348,  May  1897. 


(,,sin-j  -  {x  -xl)  J  J, 
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,  ,  ■         /      •     ^^\    ,      •  \  A    ■    A 

:  —  ;c„  =  —  sin  "~"  [n  sin  -  )  -\-  sin  ~'  ■<    —  //  cos  A  sin  — 
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+ 


^sin'^y'_  ^^'^  +  ;/-sin'^(cos/f  +  1)-  j" 


With  the  last  forimila  and  the  instrumental  constants 
n  =  1.64906  (for  K  )  ;  A  —-■  60°  ;  /— -  952"""  ;  /'  =  956"""  , 
the  values  of  the  curvature  were  computed  for  fourteen  lines 
extending  outward  from  the  center  of  the  photographic  plate. 
These  values,  together  with  those  obtained  from  the  Ditscheiner 
formula,  are  gathered  in  the  following  table  and  compared  with 
the  measured  results.  As  usual  Z  denotes  distance  from  the 
middle  of  the  spectrum,  and  A'' the  departure  of  the  spectral  line 
from  a  risjht  line.     The  unit  is  the  millimeter  : 


z 

X 

Residuals 

Measured 

Rigorous 
formula 

Ditscheiner 
formula 

M.-R. 

M.-D. 

R.-D. 

4.761 

0.05 

0.050 

0.044 

±0.00 

-t  O.OI 

±0.006 

12.037 

0.29 

0.286 

0.280 

±0.00 

-|-0.0I 

-f-0.006 

16.825 

0.55 

0-551 

0.548 

±0.00 

±0.00 

+0.003 

25.718 

1.28 

1.277 

1.280 

±0.00 

±0.00 

--0.003 

30.375 

1.78 

1.783 

1.786 

±0.00 

— O.OI 

— 0.003 

35.711 

2.46 

2.465     " 

2.468 

— O.OI 

—  O.OI 

—0.003 

40.341 

3.14 

3-143 

3.150 

±0.00 

—O.OI 

—0.007 

49.172 

4.68 

4.681 

4.680 

±0.00 

±0.00 

+  0.001 

56.724 

6.24 

6.243 

6.228 

±0.00 

+0.01 

+0.015 

62.632 

7.62 

7.622 

7.595 

±0.00 

-f-0.02 

+0.027 

71.155 

9.86 

9.866 

9.800 

— O.OI 

+0.06 

+0.066 

77.890 

11.87 

11.867 

11.744 

±0.00 

+0-13 

+0-123 

83.775 

13.75 

13.755 

13.585 

±0.00 

+0.17 

-1-0. 170 

88.674 

15.45 

15.455 

15.220 

O.OI 

+0.23 

+0.235 

An  inspection  of  these  results  shows  that  the  parabola  of  the 
Ditscheiner  formula  crosses  the  curve  of  the  rigorous  formula  at 
two  points,  and  that  up  to  the  second  of  these  the  correspondence 
of  the  two  is  close.  The  general  conclusion  may  be  drawn  that 
for  any  work  except  that  requiring  an  exceptionally  long  slit  the 
ordinary  formula  is  quite  sufficient. 

Yerkes  Observatory, 
March  1900. 


A  SECOND  SPECTRUM  OF  HYDROGEN 
BEYOND  X  iSs  fifJL. 

Hv  Victor    S  c  u  u  m  a  n  n. 

I  siiowr.i)  in  1893'  that  by  no  means  the  whole  of  the  radia- 
tion of  hvdroj^^en  was  included  in  the  rei,noji  previously  known, 
which  embraced  the  visible  spectrum  and  the  adjacent  ultra-violet, 
but  that  on  the  contrary  hydrogen  develops  its  principal  energy 
beyond  the  wave-length  iSSAt/u,.  Until  recently  I  knew  of  only 
a  single  spectrum  in  this  region  of  previously  unrecognized 
refrangibility,  and  this  was  the  sjiectrum  produced  when  electric 
discharges  are  passed  through  a  Plticker  tube  filled  with  hydro- 
gen at  moderate  pressure.  The  mode  of  the  discharge,  which  is 
well  known  to  have  a  great  effect  on  the  visible  spectrum  and  the 
adjoining  ultra-violet,  passed  directly  over  tc  the  new  hydrogen 
region  without  any  trace  of  difference,  in  spite  of  numerous 
experiments  I  made  in  the  attempt  to  show  the  contrary.  Thus 
its  original  condition  was  maintained  even  on  the  introduction 
into  the  circuit  of  a  Leyden  jar  and  an  air  gap,  except  that  a 
moderate  change  took  place  in  its  energy  in  general.  It  was 
never  possible  to  recognize  a  disappearance  or  a  broadening  of 
the  lines,  or  their  transformation  into  a  continuous  spectrum, 
which  the  long-known  hydrogen  spectrum  readily  displays  at  a 
})ressure  of  from  a  few  centimeters  uj:)ward. 

Now  I  have  recently  found  that  the  metallic  spectra  beyond 
\  185/ti/i,  which  are  still  provisionally  connected  with  discharges 
in  hydrogen  at  atmospheric  pressure,  exhibit  a  large  number  of 
lines  in  common.  Continued  experiments  showed  that  these 
lines  are  due  to  hydrogen.  While  at  the  first  comparison  of 
these  two  spectra  in  this  region,  one  is  inclined  to  regard  them 
as  related,  on  account  of  their  similarity,  it  is  striking  that  a 
careful   comparison   leads  to  the  fact  that  they  are  in  complete 

'  Sitzungsberichte  der  K.  Akad.  der  Wiss.  in  Wieii.  Mathemat. — Natur-wiss.  Classe. 
102,  Abth.  Ila,  415-475,  625-694. 
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agreement  in  respect  to  neither  their  distribution  of  energy  nor 
their  refrangibility.  Deviations  can  be  demonstrated  to  exist 
throughout. 

In  this  second  si)ectrum  of  hydrogen  also  no  tendency  to  a 
broadening  of  the  lines  is  appreciable,  in  spite  of  the  high  pres- 
sure and  the  greater  potential  of  the  discharge  necessary  to  its 
production.  This  fact  deserves  the  more  attention,  as  we  should 
expect  the  opposite  from  the  behavior  of  the  rhytiimical  hydro- 
gen lines,  the  broadening  of  which  increases  with  the  refrangi- 
bility under  suitable  experimental  conditions. 

I  have  not  yet  succeeded  in  photographing  by  itself  this 
spectrum  corresponding  to  atmospheric  pressure.  At  present 
I  recognize  it  only  as  an  attendant  phenomenon  of  the  metallic 
spectra  of  this  region.  The  possibility  is  not  excluded  that 
several  of  its  lines  are  sup|)ressed  by  the  presence  of  metallic 
vapors. 

Its  activity  is  a  function  of  the  wave-length.  Its  lines  are 
entirely  absent,  those  of  the  metal  alone  appearing,  when  the 
spark  is  unusually  short.  This  occurred  in  my  experiments  with 
a  separation  of  the  electrodes  of  from  o.i  to  0.2  mm.  But 
exceptions  are  found  in  this  respect,  as  was  sfiown  in  the  spec- 
trum of  copper. 

In  general  the  hydrogen  radiations  at  atmospheric  pressure 
are  decidedly  feebler  in  their  action  than  those  of  the  Pliicker 
tubes.  It  is  therefore  questionable  whether  they  can  be  followed 
so  far  into  the  ultra-violet  as  those  of  the  tube,  to  which  I  was 
able  in  1895  ^o  assign  an  extensive  field  of  radiation  beyond  the 
estimated  wave-length  lOO fifj-. 


Minor  Contributions  and  Notes 


PLANS  OF  AMERICAN  FXLIPSE   PARTIES. 

The  following  circular  letter  was  issued  by  the  Eclipse  Committee 
of  the  Astronomical  and  Astrophysical  Society  of  America  on  March 
29,  1900  : 

Dear  Sir  :  In  response  to  a  circular  letter  issued  by  this  committee  on 
February  10,  1899,  preliminary  statements  have  been  received  from  many 
astronomers  regarding  the  work  which  they  expect  to  undertake  in  connec- 
tion with  the  total  solar  eclipse  of  May  28,  1900.  The  committee's  expres- 
sion of  a  desire  for  some  measure  of  cooperation  met  with  favorable 
consideration.  The  more  important  suggestions  for  eclipse  observations 
offered  by  these  astronomers  may  be  found  in  the  preliminary  report  of  the 
committee,  which  was  published  in  the  Astrophysical  Journal  for  October 
1899. 

With  these  and  other  suggestions  in  mind  the  committee  now  begs  leave 
to  offer  the  following  remarks  : 

1.  Observations  made  without  a  definite  purpose,  and  not  based  upon  a 
careful  consideration  of  the  end  to  be  attained,  will  rarely  be  of  scientific 
value.  The  more  important  observations  which  may  be  undertaken  are 
enumerated  in  the  paragraphs  below. 

2.  Relative  position  of  the  Sun  and  Moon.  —  (This  will  recjuire  the 
observer's  position  and  the  time  to  be  known.)  (a)  From  visual  observa- 
tions of  contacts,  especially  contacts  II  and  III,  made  at  stations  near  the 
central  line,  and  at  stations  near  the  boundaries  of  the  shadow  path,  [b) 
From  photographs  of  the  solar  crescent  obtained  with  long-focus  instruments 
at  stations  on  the  central  line,  within  one  minute  of  the  contacts,  the  exact 
moments  of  exposure  being  noted.  The  program  of  exposures  should  be 
symmetrical  with  reference  to  the  middle  of  the  eclipse.  Snap  shots  of  the 
solar  crescent  taken  a  moment  before  the  Sun  is  entirely  covered,  and  the 
moment  after  it  reappears,  with  a  large  camera,  may  also  be  useful  if  the 
photographer  can  give  the  moments  to  the  nearest  second  of  standard  time. 
The   slowest  plates  should  be   used,  and   the   exposures  given   by  automatic 

shutters.    With  a  camera  ratio  of  -:  =  — — ,  an  exposure  of  o.ooi    second  is 

abundant.     Excessive  exposures  cannot  be  expected  to  yield   results  com- 
parable to  visual  observations  of  the  contacts. 
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3.  Draivinf^s  of  the  corona  (made  at  the  telescojjc).- — Attention  should  be 
directed  to  the  structure  of  the  inner  corona  (especially  the  regions  near  large 
prominences)  and  to  the  general  outline  of  the  corona.  Drawings  of  details 
should  not  attempt  to  cover  large  areas. 

4.  Color  of  prominences. —  Compare  prominences  seen  with  a  telescope 
and  determine  relative  degree  of  redness  of  each.  Slight  variations  in  tint 
may  not  be  important,  as  from  the  Purkinje  phenomenon  the  brightest  promi- 
nences should  seem  the  reddest.  White  prominences  may  [lerhaps  be  seen. 
Provision  must  be  made  for  determining  the  j)osition  angles  of  the  promi- 
nences observed. 

5.  Photographs  of  the  corona. —  Attention  maybe  called  to  three  classes 
of   camera   lenses   used   for   recording   the   corona,     {a)    Lenses    for    which 

-  is  >  or  =  -  ,  especially  adajned  to  recording  the  details  of  the  outer  corona 

and  the  extensions.  A  wide  range  of  exposures,  from  ,f,u  second  up, 
should  prove  useful.  The  greatest  extent  of  corona  hitherto  recorded  was 
on  triple-coated  plates,  exposure  20  seconds.  Some  observers  consider  that 
long  exposures  on  very  slow  plates,  fully  developed,  should  be  effective  in 
distinguishing  the  long  streamers  on  the  bright-sky  background.  Some  also 
believe  that  the  faint   extensions  will  be   best  photograi)hed  with  lenses  for 

which       is  considerably   less    than    \,.     {h)    Lenses   in  which  -   is  about    ,-^5, 

especially  adapted  to  recording  the  details  of  the  mid-corona.  The  rear  lens 
of  a  photographic  doublet  may  be  used  alone  to  give  a  long  focus.  With 
rapid  plates,  exposures  of  ,•,'„  second  should  easily  record  the  prominences, 
j-'o  to  \  second  the  inner  corona,  and  a  range  of  longer  exposures  the  mid- 
corona.  (If  equatorial  mounting  and  clock-work  are  wanting,  exposures 
should  not  exceed  one  or  two  seconds  for /^  60  inches,  and  similarly  in 
other  cases.)  (f)  Objectives  of  relatively  great  focal  length,  giving  details  of 
structure  in  the  inner  corona.  The  objective  may  be  pointed  directly  at  the 
Sun   and   used  with  a  moving  photographic  plate  ;  or   it    may  receive  light 

from  a  suitable  heliostat.     With  -  —  196  ,  an  exposure  of  |  second,  on  slow 

[)lates,  has  recorded  the  prominences.  Revolving  diaphragms  immediately 
in  front  of  the  photographic  plate  and  concentric  with  the  Moon's  image,  may 
be  used  to  reduce  the  equivalent  exposure  time  of  the  inner  corona. 

Before  and  after  the  total  phase  it  will  be  interesting  to  repeat,  and 
extend  as  far  as  possible,  the  successful  experiments  made  at  the  Chile  and 
Indian  eclipses,  of  photographing  the  corona  many  seconds  before  and  after 
totality. 

In  all  photographic  work  care  must  be  taken  to  provide  for  the  accurate 
orientation  of  the  coronal  image.  A  satisfactory  method  consists  in  exposing 
a  plate  to  the  sky  on  a  dark  night,  allowing  the  stars  to  trail  across  the  plate. 
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For  cameras  in  which  -  is  large.  /3  Herculis  will  give  a  suitable  trail.     J/^r- 

fz/rr  and  «  Tl/wr/  will  a[)[)ear  on  most  photographs  of  the  corona,  and  will  also 
strve  as  an  excellent  means  of  orientation. 

6.  Photoi^rafihic  search  for  an  intra-niercurial planet.  —  The  lenses  recom- 
mended fnr  this  |)ur|)Ose  in  Harvard  College  Observatory  Circular  No.  48  have 
an  aj>erture  of  3  inches  and  a  focal  length  of  1 1  feet  4  inches.  It  is  stated  in 
the  Circular  that  with  such  lenses  stars  as  faint  as  the  eighth  magnitude  can 
be  photographed  during  the  eclipse  in  an  exposure  of  one  minute.  Portrait 
lenses  of  large  aperture  and  rapid  rectilinear  lenses  may  also  be  used.  The 
sky  surrounding  the  Sun  may  well  be  divided  among  several  observers,  as 
few  individuals  will  be  provided  with  enough  lenses  to  cover  the  whole 
region.  At  least  two  comparable  photographs  of  a  given  part  of  the  sky 
should  be  made  by  each  observer.  The  length  of  exposure  which  can  advan- 
tageously be  employed  with  each  lens  must  take  into  account  the  strength  of 
the  bright-sky  background  ;  and  while  the  brightness  of  the  sky  varies  at 
different  eclipses,  some  idea  of  the  requirements  of  the  problem  may  be 
gained  by  photographing  a  portion  of  the  evening  sky  in  which  a  second 
magnitude  star,  whose  position  is  known,  is  just  visible. 

7.  Distribution  of  ''coronium." — Observations  of  the  corona  with  a  direct- 
vision  prism  in  the  eyepiece  of  a  field  glass,  or  with  an  objective  prism  or 
grating  attached  to  a  telescope  used  either  visually  or  photographically,  should 
show  whether  the  image  corresponding  to  the  green  line  of  this  gas  has  a 
well-detined  structure,  or  a  nearly  uniform  intensity.  The  dispersive  power 
5/r<7«/</^^  5/r^«^  in  order  to  reduce  the  strength  of  the  continuous  spectrum 
background. 

8.  Position  of  the  green  coronal  line. —  The  wave-length  of  the  line  can  best 
be  determined  from  photographs  taken  with  a  powerful  prismatic  spectro- 
graph. Direct  visual  observations  with  a  suitable  spectroscope  and  teiescope 
will,  however,  suffice  to  show  whether  the  line  coincides  with  the  chromo- 
spheric  line  at  1474  K.  Accurite  determinations  of  the  wave-lengths  of  the 
bright  lines  near  X  399  and  X  423  are  also  desirable. 

Q.  The  spec  trtan  of  the  "  flash"  m?iy  he.  photographed  with  an  objective 
prism  or  a  spectograph  used  in  conjunction  with  a  telescope.  A  concave 
grating  spectroscope  or  an  objective  grating  might  also  be  employed.  For 
this  work  stations  should  be  selected  not  far  from  the  northern  and  southern 
boundaries  of  the  shadow  path.  If  possible  the  observations  should  include 
a  study  of  the  dark  line  spectrum,  before  the  flash  at  second  contact  and 
after  the  flash  at  third  contact,  and  a  study  of  the  coronal  spectrum. 

10.  The  heat  radiation  of  the  corona  should  be  measured  in  the 
streamers  and  rifts,  and  at  various  distances  from  the  Sun's  limb. 

11.  Photometric  obser'oations  of  the  corona  at  various  distances  from 
the  limb  should  be  made  photographically,  in  view  of  the  brief  duration  of 
totality. 
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12.  Photoiietric  observations  of  Mercury  dnxm'^  the  total  phase  are  rec- 
ommended by  Professor  M idler  in  an  article  published  in  the  Astroi'HYSICAL 
Journal  for  March  1900. 

Eclipse  photographers  cannot  be  too  strongly  cautioned  against  a  dense 
development  of  the  plate.  This  has  been  the  great  fault  with  most  of  the 
negatives  at  previous  eclipses.  The  image  should  be  slowly  developed  and 
kept  as  thin  and  transparent  as  possible. 

All  photograj)hic  plates  used  in  the  eclipse  problems  should  be  "  backed  " 
to  prevent  halation.  Water-color  lampl)lack,  reduced  to  the  consistency  of 
paste  and  applied  to  the  back  of  the  plate,  will  answer  well  for  this  purpose. 
Or  the  back  of  the  plate  may  be  flowed  with  a  mixture  of  normal  collodion 
100  parts,  chrysoidine  3  |)arts. 

For  valuable  information  regarding  probable  weather  conditions,  local 
time  and  duration  of  totality,  etc.,  reference  is  made  to  WeaHicr  Bureau 
Bulletin  No.  20Q  and  the  Supplement  to  the  American  Epheincris  for  igoo. 

In  some  of  the  work  outlined  above,  notably  that  referred  to  in  paragraphs 
(3)  and  (6),  it  is  desirable  that  there  should  be  cooperation  among  observers. 
It  is  also  of  great  importance  that  the  eclipse  stations  should  be  distributed 
along  a  considerable  length  of  the  path  of  totality,  so  that  local  cloudiness 
may  not  affect  all  j)arties.  For  the  purpose  of  securing  for  general  publica- 
tion accurate  information  regarding  proposed  observations,  and  in  the  hope 
of  bringing  about  some  degree  of  cooperation,  the  Committee  requests  that 
replies  be  sent  to  the  following  questions  : 

1 .  Do  you  intend  to  observe  the  eclipse  ? 

2.  If  so,  what  site  do  you  expect  to  occupy  ? 

3.  If  any  other  location  would  be  equally  convenient,  kindly  state  in  what 
region. 

4.  If  possible,  kindly  name  the  members  of  your  party. 

5.  What  observations  will  be  made  by  the  members  of  your  party  ? 
What  instruments  will  be  employed  ? 

6.  If  your  present  plans  do  not  prevent,  are  you  willing  to  cooperate 
with  other  parties,  especially  in  undertaking  observations  such  as  those 
named  in  paragraphs  (3)  and  (6)  above  t 

Please  be  kind  enough  to  send  replies  at  your  earliest  convenience  to 
the  Secretary  of  the  Committee. 

Very  respectfully, 

Simon  Newcomb,  Chairman  1 
George  E.  Hale,  Secretary   !  Eclipse 
E.  E.  Barnard,  ('     Committee. 

W.  W.  Camphell.  I 

From  the  replies  received  by  the  Committee,  the  following  infor 
mation  regarding  the  plans  of  eclipse  parties  has  been  derived  : 
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NORFOLK,  \A.     National  Gkogkaimiic  Socikty. 

NliAR   NORFOLK.  VA. 

r'AKTY    FROM     HKOWN    UNIVi:  USITY. 

Mtvt/'e-rs. — Winslow  Upton,  in  charge;  rrcderic  Slocuni,  John  Kdwanls, 
Howard  I).  Kenyon,  and  others. 

Princifial  instriniients. — Two  4-inch  telescopes,  one  2!j-incli  telescope, 
several  cameras  mounted  e<]uatorially,  combined  transit  and  zenith  telescope. 

Proposed  observations:— {z)  (a),  (b)  ;  (3);  (5)  (a),  (b). 

SOUTH  OK  NORFOLK,  VA. 
PARTY    FROM    GFORGKTOWN    COLLKGK    OB.SKRVATOR Y. 

Members. — J.  G.  Hagen,  in  charge;  Messrs.  Zwack,  Brosnan,  Hedrick, 
and  others. 

Pro/>i^sr,/  obsrrrti/ious. — (3);   (5). 

NEAR   RALLIOH,  N.  C. 
I'AKTY    FROM    TRINITY    COLLF.GE,    DLRHAM,    N.  C. 

Members. — C.  W.  Edwards,  in  charge  ;  W.  IL  Pegram,  two  students. 
Principal  instruments. —  Double  mirror  heliostat,  large  spectrometer,  3'/2- 
inch  telescope,  cameras,  concave  grating  spectroscope  of  10  feet  radius. 
Proposed  observations. — (2);  (3);  (5);  possibly  (6). 

ITXLIIURST,  N.  C;  BARNESVTLLE,  GA. ;  GRIEFLN,  GA.  (near  the 
northern  limit  of  totality.) 

PARTIES  FROM  THE  U.  S.  NAVAL  Ol'.SER VATOR Y. 

Members? — S.  J.  Brown,  in  charge  ;  (i)  Observatory  staff:  Messrs.  A.  N. 
Skinner,  T.  J.  J.  See,  ^L  Updegraff,  and  W.  S.  Eichelberger ;  G.  A.  Hill, 
T.  I.  King,  and  F.  W.  Littell  ;  W.  NL  I^awlon,  Hammond,  and  G.  H.  Peters. 
(2)  Associate  members :  Messrs.  J.  S.  Ames,  L.  E.  Jewell,  N.  E.  Dorsey. 
Hoff,  Reese,  and  Krouse,  of  Johns  Hopkins  University;  Messrs.  Henry  Crew 
and  R.  R.  Tatnall,  of  the  Northwestern  University;  H.  C.  Lord,  of  Ohio 
State  University;  F.  L.  Chase,  of  Yale  University;  J.  K.  Rees  and  S.  A. 
Mitchell,  of  Columbia  University;  Mr.  A.  L.  Colton,  formerly  of  the  Lick 
Observatory;  Mr.  Charles  A.  Post,  of  Bayport,  L.  L  Dr.  W.  J.  Humphreys, 
of  the  University  of  Virginia,  will  also  probably  occupy  a  station  near  the 
limit  of  totality  in  South  Carolina,  near  Winnsboro. 

Principal  instrtimettts. —  Telescopes  and  cameras  ranging  from  a  40-foot 
photoheliograph  down  to  one  of  4  inches  aperture  and  8  inches  focal  length  ; 

'  The  numerals  refer  to  the  numberetl  paragraphs  of  the  above  circular. 

'Definite  information  as  to  the  assignment  of  the  different  observers  to  the  various 
stations  has  not  been  received. 
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concave  gratings  of  21  and  10  feet  radius;  objective  gratings,  slitlcss  s])ec- 
trosco|)es,  and  large  prismatic  camera;  polariscopcs. 

Proposed  observations.— {2)  {-x),  (b)  ;  (3);  (5)  (a),  (bj,  (c) ;  (7);  (8);  (9); 
polarization  of  the  bright  line  spectrum  of  the  corona ;  general  polariza- 
tion of  the  continuous  sjjectrum  ;  velocity,  size,  and  direction  of  shadow 
])ands. 

WADESBORO,  N.  C. 

I.    TARTV    l-K().\l     r.RITlSII    ASTRONOMICAL    ASSOCIATION. 

Members. —  Rev.  J.  M.  Bacon,  in   charge;  seven  other  members. 

Principal  instruments. — Photographic  telescope  of  4.1  inches  aperture 
and  60  inches  focal  length ;  telephoto  lens  ;  four  equatorially  mounted 
cameras  ;  telescopic  kinematograph  ;  slitless  spectroscope  ;  instrument  for 
recording  photographically  the  brightness  of  the  sky  at  the  zenith. 

Proposed  observations.— {^)  {zi),  {h);  (7);  (11);  brightness  of  sky;  shadow 
bands. 

2.    PARTY    FROM    PRINCETON    UNIVERSITY. 

Members. —  C.  A.  Young,  in  charge  ;  Messrs.  lirackett,  Magie,  Libbey, 
Reed,  McClenahan,  Russell,  Fisher,  and  others. 

Proposed  observations. —  (2)  (a)  ;  (3);  (4);   (5);  (7);  (8). 

3.    PARTY    FROM    SMITHSONIAN    INSTITUTION. 

Members. —  S.  P.  Langlev,  in  charge,  with  about  twelve  assistants. 

Principal  instruments.— Two  coelosiats;  large  spectro-bolometer  with 
photographic  registration  ;  photographic  telescopes  of  12  inches  aperture  and 
135  feet  focal  length,  5  inches  aperture  and  40  feet  focal  length,  6  inches 
aperture  and  7  J^  feet  focal  length,  etc. 

Proposed  observations. —  (2)  (b)  ;  (3)  ;  (5)  (a),  (b),  (c)  ;  (6)  ;  (g)  ;  (10)  ;  holo- 
graphs of  the  spectrum  of  the  corona. 

4.    PARTY    FROM    VASSAR    COLLEGE. 

Members.  — "Slsiry  W.  Whitney,  in  charge  ;  Caroline  E.  Furness,  several 
students. 

Principal  instruments. — Three  3-inch  Clark  telescopes. 
Proposed  obserzmtions.  —  (3). 

5.    PARTY    FROM    YERKES    OBSERVATORY. 

Members. — ^ George  E.  Hale,  in  charge  ;  E.  E.  Barnard,  E.  P>.  Frost,  F. 
Ellerman,  G.  W.  Ritchey.  Volunteers  :  A.  S.  Flint,  Washburn  Observatory  ; 
H.  M.  Goodwin  and  A.  A.  Noyes,  Massachusetts  Institute  of  Technology; 
G.  I.  Isham,  Chicago;  and  others. 

Principal  instruments. —  Coelostat  with  two  mirrors;  photographic  tele- 
scope of  6  inches  aperture  and   62  feet  focal  length ;  bolometer  and  20-inch 
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concave  mirror  for  mcasuriiif,'  tlie  heat  radiation  of  the  corona;'  concave 
gratings  of  lo  feet  and  5  feet  radius;  plane  gratings ;  prismatic  cameras  ; 
several  cameras  mounted  C(]iiatorially  ;  lleyde  universal  instrument;  3-inch 
ecjuatorial. 

Proposed obsenfattons.— {2)  (a);  (s)  (--i).  C^).  (^)  :  (6);  (Z):  (9);  ('o). 

NEWBERKV,  S.  C. 

I'AKTV    FROM    UNITED    STATKS    WKATIIIiK    liURKAl'. 

.I/£v;//'<r.s-.-- Cleveland  Abbe,  in  charge;   Frank  H.  liigelow. 

Principal  instruments.— Y o\xx-\\\z\\  telescope,  polariscopes. 

Proposed  obstrvaiions.—{l"\;  (5);  polarization  of  the  sky. 

The  Weather  Bureau  will  secure  standard  meteorological  observations 
from  a  large  number  of  its  regular  stations  in  the  southern  and  southwestern 
states,  special  orders  being  issued  for  this  purpose. 

WASHINGTON,  GA. 

I'ARTV    FROM    HLUF    HILL    METEOROLOGICAL  OBSERVATORY  AND    MASSACHU- 
SETTS   INSTITUTE    OF    TECHNOLOGY. 

Members. —  A.  L.  Rotch,  in  charge;  A.  E.  Burton,  of  the  Massachusetts 
Institute  of  Technology,  with  several  students;  A.  E.  Douglass,  of  Lowell 
Observatory;  assistants  from  Blue  Hill  Observatory. 

Principal  instruments. —  Five-inch  equatorial  ;  magnetic  and  meteorologi- 
cal apparatus. 

Proposed  observations. — (l);  (3);  shadow  bands;  eclipse  wind;  zodiacal 
light ;  magnetic  observations. 

UNION  POINT,  GA. 
PARTY    FROM    CHABOT    OBSERVATORY. 

Members. —  Charles  Burckhalter,  in  charge;  seven  assistants. 
Principal  instruments. — Two  4-inch   telescopes  of    15  feet  focal    length, 
with  device  for  giving  suitable  exposure  for  all  parts  of  the  corona. 
Proposed  observations. — (5)  (b),  (c). 

FORSYTIIE,  GA. 
PARTY    FROM    RENSSELAER    POLYTECHNIC    INSTITUTE. 

Members. —  C.  W.  Crockett,  in  charge. 

Principal  instrument. —  Three  and  one  half-inch  eijuatorial. 

Proposed  observations. — (3). 

'  Through  the  courtesy  of  Professor  Langley  this  apparatus  will  be  used  in  con- 
junction with  one  of  the  coelostats  of  the  Smithsonian  party. 
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TIIOMASTON,  (iA. 
I'A  RTV    FROM     LICK    OHSERVATOK  V . 

Members. — -W.  W.  Campbell,  in  charge;   C.  D.  Pcrritic,  ami  otiicrs. 

Principal  instruments. —  Photographic  telescope  of  5  inches  aperture  aiul 
40  feet  focal  length,  for  recording  prominences  and  inner  corona ;  photo- 
graphic telescope  of  5  inches  aperture  and  6  J^  feet  focal  length  ;  Dallmeyer 
6-iiich  camera;  Willard  5|<-inch  portrait  lens,  and  other  cameras;  slit 
spectrograph  with  three  |)risms;  spectrograph  with  objective  grating:  s[)ec- 
trograph  with  two  objective  prisms  ;  photometric  apparatus,  visual  telescope, 
etc. 

Proposed  observations.  ^{2)  {zi);  (5)  (a)  and  (5)  (b);  (6);   (7);   (8);   (9);(ii). 

GREENVILLE,  ALA. 
I'AKTV     FROM      HARVARD    COLLEGE    OBSERVATORY. 

Members. — W.  H.  Pickering,   in   charge;  W.    H.  Attwill,  J.  R.  I'.dmands. 

Principal  instruments. —  Cameras  from.  0.04  inches  to  6  inches  aperture, 
and  from  i  inch  to  11  feet  4  inches  focal  length;  4-inch  and  5-iiich  tele- 
scopes. 

Proposed  observations. — (3);  (5);  (6);  (11). 

FORT  DEPOSIT,  ALA. 
PARTY    FROM    ALLEGHENY    OBSERVATORY. 

Members. —  F.  L.  ().  Wadsworth,  in  charge;  J.  A.  P)rashcar,  and  others. 

Principal  itistrumcnts. — Two  4-inch  cameras  ;  one  4^-inch  camera,  and 
another  3-inch,  both  for  curved  plates;  a  g'/^-inch  reflector  of  38  inches 
focus  ;  a  20-inch  reflector  of  100  feet  focus,  besides  smaller  camera  lenses. 
Spectroscopic  apparatus  will  consist  of  three  large  glass  prisms  of  3-inch  by 
4)^-inch  face,  and  numerous  gratings. 

Proposed  observations. — (5)  (a),  (b),  (c)  ;  (6);  (7);  (8);  (q). 

INDIVIDUAL    OBSERVERS. 
MEXICO  (near  M.  C.  R.  R.). 
Miss  Rose  O'Halloran. 

Principal  instruments.  —  Four-inch  refractor  nf  60  inches  focus  ;  2l<-inch 
portrait  lens. 

Proposed  observations. — ^(5)  (b)  ;  (3). 

NEAR   NORFOLK,  VA. 
John  N.  Stockwell. 

Principal  instruments. —  Field  glass  and  appliance  for  measuring  angles. 
Proposed  observations — General  visual  observations. 
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A  I'liorocK  Ai'iiic  si;ar(II   for  an   in  tiirmiircuriai, 

PLANET.- 

It  has  not  been,  in  general,  the  policy  of  the  Harvard  College 
Observatory  to  send  expeditions  to  observe  total  eclipses  of  the  Sun. 
First,  since  in  case  of  cloudy  weather,  no  return  is  obtained  for  the 
expenditure  of  a  sum  of  money  which  is  often  large.  Secondly,  if 
clear,  the  results  in  many  cases  are  only  a  series  of  pictures  of  the 
corona  and  protuberances  which  add  but  little  to  our  knowledge  of 
them.  Therefore,  when  officers  of  this  Observatory  have  observed 
eclipses,  it  has  generally  been  largely  at  their  own  expense.  When, 
however,  a  new  {jroblem  [)resents  itself,  some  aid  is  rendered  from  the 
funds  of  the  Observatory,  in  the  construction  of  instruments  and  for 
similar  exjjcnses.  The  following  plan  for  observing  the  Eclipse  of 
May  28,  1900,  has  been  prei)ared  l)y  Professor  W.  H.  Pickering: 

It  is  a  fact  capable  of  demonstration  that  the  faintness  of  a  star  that  may 
be  photographed  with  a  given  instrument,  against  a  bright  background  of  sky, 
depends,  within  certain  limits,  directly  on  the  length  of  the  focus  of  the  lens, 
and  is  independent  of  its  aperture. 

In  the  Harvard  Observatory  Aimah,  18,  104,  it  was  shown,  if  the 
place  in  which  to  look  for  the  pole  star  is  known,  that  three  minutes  after  it 
first  becomes  visible  to  the  naked  eye  in  the  evening,  the  light  of  the  sky  in 
its  immediate  vicinity  is  of  about  the  same  photographic  intensity  as  that  of 
the  sky  surrounding  the  Sun  at  the  time  of  a  total  solar  eclipse. 

Starting  with  these  two  fundamental  facts,  a  series  of  experiments  has 
been  undertaken  with  a  i)hotographic  lens  having  an  aperture  of  3  inches, 
and  a  focal  length  of  1 1  feet  4  inches.  The  curves  adopted  were  those 
employed  in  an  ordinary  landscape  lens,  and  it  was  found  that  the  field  was 
large  enough  to  cover  nine  8X10  photographic  plates  arranged  in  three  rows 
of  three  each.  This  result  was  only  obtained,  however,  by  attaching  the 
plates  to  the  interior  of  a  concave  surface  of  double  curvature,  and  thus 
obtaining  a  curved  field. 

By  giving  an  exposure  of  one  minute  in  the  region  of  the  pole,  with  this 
instrument,  three  minutes  after  the  [)o]c  star  first  became  visible,  it  was  found 
that  the  light  of  the  sky  was  sufficient  to  darken  the  plate  appreciably,  but 
not  so  much  as  to  prevent  stars  of  the  eighth  magnitude  appearing  with  suf- 
ficient intensity  to  be  found  by  a  careful  search,  in  the  larger  part  of  the  field 
of  view. 

Three  similar  lenses  have  now  been  ordered,  and  the  four  will  be  placed 
upon  one  mounting,  in  such  a  manner  as  to  photograph  a  region  extending 

'  Harvard  College  Observatory  Circular  No.  48. 
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for  sixteen  degrees  on  either  side  of  the  Sun,  and  having  a  breadth  of  ten 
degrees  tlirougliout  its  lengtli.  Throughout  nineteen  degrees  of  its  length 
every  portion  of  the  region  will  appear  upon  two  separate  plates. 

The  satellites  of  Mars,  Jupiter,  and  Saturn  all  revolve  very  nearly  in  the 
equatorial  planes  of  their  i)rimaries,  and  in  the  same  manner  Mercury 
revolves  very  nearly  in  the  equatorial  plane  of  the  Sun,  which  is  inclined 
about  seven  degrees  to  the  plane  of  the  eclij)tic.  It  is  therefore  reasonable 
to  supi)Ose  that  bodies  still  nearer  to  the  Sun  would  revolve  in  the  same 
plane.  It  so  happens  that  the  Earth  passes  through  this  plane  about  one 
week  after  the  date  of  the  solar  eclipse  of  next  May,  so  that  there  is  a  strong 
probability  that  if  an  intermercurial  planet  exists,  it  will  appear  somewhere 
upon  the  narrow  line  forming  the  projection  of  this  plane  upon  the  celestial 
sphere.  It  will  be  seen,  therefore,  that  the  dale  of  this  eclipse  is  especially 
favorable  for  the  proposed  search. 

We  have  very  good  evidence,  from  the  visual  observations  hitherto  made, 
that  no  intermercurial  planet  brighter  than  the  third  or  fourth  magnitude 
exists.  We  possess  no  evidence  whatever  for  or  against  the  existence  of 
fainter  bodies  in  this  region  having  suflicient  size  to  be  properly  called 
planets.  We  are  reasonably  certain  that  the  immediate  vicinity  of  the  Sun 
is  filled  with  countless  bodies  of  such  size  as  to  be  properly  described  as 
meteors. 

If  we  assume  that  at  its  average  brightness.  Mercury  is  of  the  first  magni- 
tude, and  that  the  albedo  of  an  intermercurial  planet  is  the  same  as  that  of 
Mercuty,  we  shall  find  that  at  the  distance  of  Mercury  from  the  Sun,  a  body 
of  the  eighth  magnitude  would  be  120  miles  in  diameter.  If  its  distance  from 
the  Sun  was  but  one  half  as  great,  its  diameter  would  be  60  miles,  and  if  but 
one  quarter  as  great,  or  nine  million  miles,  it  would  be  30  miles  in  diameter. 
Judging  by  the  analogous  case  oi  Jupiter,  the  existence  of  such  a  small  planet 
is  quite  possible. 

Should  such  a  body  exist,  and  should  it  appear  upon  the  plates,  which  it 
is  proposed  to  expose  somewhere  in  the  State  of  Alabama,  we  should  still  be 
entirely  at  a  loss  to  compute  the  orbit,  or  to  determine  the  distance  of  the 
body  from  the  Sun.  If,  however,  other  photographs  of  it  should  be  obtained 
with  a  similar  apparatus,  in  Spain  or  Algeria,  we  should  then  be  enabled  to 
compute  an  approximate  orbit,  based  on  the  assumption  that  it  moved  in  a 
circular  path.  It  might  then  be  found  again  at  the  following  eclipse,  which 
occurs  a  year  later,  and  a  more  accurate  elliptical  orbit  could  be  computed 
for  it.  While  it  is  desirable  that  the  duplicate  apparatus  should  also  be 
furnished  with  four  lenses,  this  is  not  necessary,  and  in  case  the  planet  should 
be  found  upon  our  plates,  two  lenses,  one  photogra})hing  the  region  on  each 
side  of  the  Sun,  would  be  all  that  would  be  necessary  to  independently  make 
the  discovery,  and    furnish  the   elements  necessary   to  com[nite  the  circular 
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orbit.     It  is  in  the  hope  of  inducing  some  European  observer  to  supply  him- 
self with  this  apparatus,  that  the  present  article  has  been  written. 

The  foregoing  plan  appears  to  be  of  sufficient  importance  to  justify 
aid  from  the  Observatory.  Preparations  have,  therefore,  been  made  to 
give  it  a  careful  trial.  It  is  hoped  that  this  early  publication  may 
permit  similar  observations  to  be  made  at  a  second  station  sufficiently 
distant  to  reduce  the  danger  of  failure  from  clouds,  and  if  an  inter- 
mercurial  planet  should  be  found,  to  furnish  an  approximate  deter- 
mination of  the  form  of  its  orbit. 

Kdward  C.   Pickkrinc. 
February  13,  looo. 
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THE  CROSSLEY  REFLECTOR  OF  THE  LICK  OBSERV- 
ATORY. 
By  James   E.    Keeler. 

The  Crossley  reflector,  at  present  the  largest  instrument  of 
its  class  in  America,  was  made  in  1879  by  Dr.  A.  A.  Common, 
of  London,  in  order  to  carry  out,  and  test  by  practical  observa- 
tion, certain  ideas  of  his  resj^ecting  the  design  of  large  reflecting 
telescopes.  For  the  construction  of  the  instrument  embodying 
these  ideas,  and  for  some  fine  astronomical  photographs  obtained 
with  it,  Dr.  Common  was  awarded  the  gold  medal  of  the  Royal 
Astronomical  Society  in  18S4. 

In  1885,  Dr.  Common,  wishing  to  make  a  larger  telescope 
on  a  somewhat  similar  plan,  sold  the  instrument  to  Edward 
Crossley,  Esq.,  F.  R.  A.  S.,  of  Halifax,  England.  Mr.  Crossley 
provided  the  telescope  with  a.  dome  of  the  usual  form,  in  place 
of  the  sliding  roof  used  by  its  former  owner,  and  made  obser- 
vations with  it  for  some  years  ;  but  the  climate  of  Halifax  not 
being  suitable  for  the  best  use  of  such  a  telescope,  he  consented, 
at  the  request  of  Dr.  Holden,  then  Director  of  the  Lick  Observ- 
atory, to  present  it  to  this  institution.  The  funds  for  trans- 
porting the  telescope  and  dome  to  California,  and  setting  them 
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up  on  Mt.  Hamilton,  were  subscribed  by  friends  of  the  Lick 
Observatory,  for  the  most  part  citizens  of  California.  The  work 
was  completed,  and  the  telescope  housed  in  a  suitable  observatory 
building,  in  1895.' 

On  taking  charge  of  the  Lick  Observatory  in  1898,  I  decided 
to  devote  my  own  observing  time  to  the  Crossley  reflector, 
although  the  whole  of  my  previous  experience  had  been  with 
refracting  telescopes.  I  was  more  particularly  desirous  of  test- 
ino-  the  reflector  with  my  own  hands,  because  such  preliminary 
trials  of  it  as  had  been  made  had  given  rise  to  somewhat  con- 
flicting opinions  as  to  its  merits.^  The  result  of  my  experience 
is  given  in  the  following  article,  which  is  written  chiefly  with  ref- 
erence to  American  readers.  If  I  have  taken  occasion  to  point 
out  what  I  regard  as  defects  in  the  design  or  construction  of  the 
instrument,  I  have  done  so,  not  from  any  desire  to  look  a  gift 
horse  in  the  mouth,  but  in  the  interest  of  future  improvement, 
and  to  make  intelligible  the  circumstances  under  which  the  work 
of  the  reflector  is  now  being  done  and  will  be  done  hereafter. 
The  most  important  improvements  which  have  suggested  them- 
selves have  indeed  already  been  made  by  Dr.  Common  himself, 
in  constructing  his  five-foot  telescope.  The  three-foot  reflector 
is,  in  spite  of  numerous  idiosvncracies  which  make  its  manage- 
ment very  different  from  the  comparatively  simple  manipulation 
of  a  refractor,  by  far  the  most  effective  instrument  in  the  Observ- 
atory for  certain  classes  of  astronomical  work.  Certainly  no 
one  has  more  reason  than  I  to  appreciate  the  great  value  of  Mr. 
Crossley's  generous  gift. 

The  Crossley  dome  (Plate  VI)  is  about  350  yards  from  the 
main  Observatory,  at  the  end  of  a  long  rocky  spur  which  extends 
from  the  Observatory  summit  toward  the  south,  and  on  which 
are  two  of  the  houses  occupied  by  members  of  the  Observatory 

'  For  a  more  complete  history  of  this  part  of  the  subject,  see  Dr.  Holden's  articles 
\n  Pub.  Ast.  Soc.  Pacific,  7,   197  et  seq.,   1895. 

*The  difficulties  here  referred  to,  about  which  a  good  deal  has  been  written,  seem 
to  have  had  their  origin  in  the  fact  that  it  was  impossible,  at  the  time  of  the  prelim- 
inary trials,  to  provide  the  observer  with  an  assistant,  while  the  Crossley  reflector  is 
practically  unmanageable  by  a  single  person. 
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Staff.  It  is  below  the  level  of  the  lowest  reservoir,  "  Huyghens," 
which  receives  the  discharge  from  the  hydraulic  machinery  of 
the  36-inch  refractor,  and  therefore  the  water  engine  furnished 
by  Mr.  Crossley  for  turning  the  dome  cannot  be  used,  unless  a 
new  water  system  —  overflow  reservoir,  pump  and  windmill  —  is 
provided.  In  this  respect  a  better  site  would  have  been  a  point 
on  the  south  slope  of  "  Kepler," — the  middle  peak  of  Mt.  Ham- 
ilton—  just  above  the  Huyghens  reservoir.  No  addition  to  the 
present  water  system  would  then  have  been  needed.  The  slope 
of  the  mountain  at  this  place  might  cut  off  the  view  of  the 
north  horizon,  but  since  the  telescope  cannot  be  turned  below 
the  pole,  this  would  be  a  matter  of  no  consecjuence.  Water- 
power  for  the  dome  is  not,  however,   really  necessary. 

The  cylindrical  walls  of  the  dome,  36 1^  feet  inside  diameter, 
are  double,  and  provided  with  ventilators.  Opening  into  the 
dome,  on  the  left  of  the  entrance,  are  three  small  rooms,  one  of 
which  has  been  fitted  up  as  a  photographic  dark  room,  and 
another,  containing  a  sidereal  clock  and  a  telephone  which  com- 
municates with  the  main  Observatory,  as  a  study,  while  the  third 
is  used  for  tools  and  storage.  There  is  also  a  small  room  for 
the  water  engine,  in  case  it  should  be  used.  The  dome  is  at 
present  supplied  with  water  from  only  the  middle  reservoir,  Kep- 
ler, which  is  reserved  for  domestic  purposes  and  is  not  allowed  to 
pass  through  the  machinery. 

The  dome  itself,  38  feet  9  inches  in  diameter,  is  made  of 
sheet-iron  plates  riveted  to  iron  girders.  It  also  carries  the 
wooden  gallery,  ladders,  and  observing  platform,  which  are  sus- 
pended from  it  by  iron  rods.  The  apparatus  for  turning  the 
dome  consists  of  a  cast-iron  circular  rack  bolted  to  the  lower 
side  of  the  sole-plate,  and  a  set  of  gears  terminating  in  a 
sprocket-wheel,  from  which  hangs  an  endless  rope.  As  the 
dome  does  not  turn  easily,  it  has  been  necessary  to  multiply  the 
gearing  of  the  mechanism  so  that  one  arm's-length  pull  on  the 
rope  moves  the  dome  only  about  one  inch.  In  some  positions 
of  the  telescope  the  dome  cannot  be  moved  more  than  six  or 
eight   inches   at  a  time  without  danger  of  striking  the  tube,  and 
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this  slowness  of  motion  is  then  not  disadvantageous.  It  is  only 
when  the  dome  has  to  be  moved  through  a  considerable  angle, 
as  in  turning  to  a  fresh  object,  or  in  photographing  some  object 
which  passes  nearly  through  the  zenith,  that  the  need  for  a 
mechanical  means  of  rotation  is  felt. 


THE  CROSSLEY  REFLECTOR. 


The  observing  slit,  6  feet  wide,  extends  considerably  beyond 
the  zenith.  It  is  closed  by  a  double  shutter,  which  is  operated 
by  an  endless  rope.  The  upper  part,  within  the  dome,  is  also 
closed  by  a  hood,  or  shield,  which  serves  to  protect  the  tele- 
scope from  any  water  that  may  find  its  way  through  the  shutter, 
and  which  is  rolled  back  to  the  north  when  observations  are 
made  near  the  zenith.  I  have  recently  fitted  the  lower  half  of 
the  slit  with  a  wind-screen,  which  has  proved  to  be  a  most  use- 
ful addition.  It  is  made  of  tarpaulin,  attached  to  slats  which 
slide  between  the  two  main  girders,  and  is  raised  or  lowered  by 
halliards,  which  belay  to  cleats  on  the  north  rail  of  the  gallery. 
A  more  detailed   description  of  the  dome  has  been  given  in  an 
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article  by  Mr.  Crossley,'  from  which  the  reduced  figure  in 
Fig.  V  has  been  taken. 

The  mounting  of  the  three-foot  reflector  has  been  very  com- 
pletely described  and  illustrated  by  Dr.  Common, 3  so  that  only 
a  very  general  description  need  be  given  here.  The  most 
important  feature  of  the  mounting  is  that  the  telescope  tube, 
instead  of  being  on  one  side  of  the  polar  axis,  as  in  the  usual  con- 
struction, is  central,  so  that  the  axis  of  the  mirror  and  the  polar 
axis  are  in  the  same  line  when  the  telescope  is  directed  to  the 
pole  The  declination  axis  is  short,  and  is  supported  by  a  mas- 
sive goose-neck  bolted  to  the  upper  end  of  the  polar  axis.  The 
mirror  is  placed  just  above  the  declination  axis.  Its  weight,  and 
the  weight  of  the  whole  tube  and  eye-end,  are  counterpoised  by 
slabs  of  lead,  placed  in  two  iron  boxes  between  which  the 
goose-neck  of  the  polar  axis  passes.  The  great  advantage  of 
this  arrangement,  and  the  controlling  principle  of  the  design,  is 
that  the  telescope  is  perfectly  free  to  pass  the  meridian  at  all 
zenith  distances.  No  reversal  of  the  instrument  is  needed,  or  is 
indeed  possible. 

For  long-exposure  photography,  the  advantage  above  referred 
to  is  obvious,  but  it  is  attended  by  certain  disadvantages.  One 
of  these  is  that  a  very  much  larger  dome  is  required  than  for  the 
usual  form  of  mounting.  Another  is  the  great  amount  of  dead 
weight  which  the  axes  must  carry  ;  for  the  mirror,  instead  of 
helping  to  counterpoise  the  upper  end  of  the  tube,  must  itself  be 
counterpoised.  When  anything  is  attached  to  the  eye-end  (and 
in  astrophysical  work  one  is  always  attaching  things  to  the  eye- 
end  of  a  telescope),  from  ten  to  twent}^  times  as  much  weight 
must  be  placed  in  the  counterpoise  boxes  below  the  declination 
axis.  Where  room  is  to  be  found  for  the  weights  required  to 
counterpoise  the  Bruce  spectrograph,  is  a  problem  which  I  have 
not  yet  succeeded  in  solving. 

In    his    five-foot    reflector.    Dr.   Common    has    caused     the 

telescope  tube  to  swing  between  two   large  ears,  which   project 

"  Mon.  Not.  R.  A.  S.,  48,  386. 

^  Kindly  lent  by  the  Astronomical  Society  of  the  Pacific. 
^Mem.  R.  A.  S.,  46,  173. 
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from  the  upper  end  of  the  boiler-like  polar  axis,  the  pivots 
constituting  the  declination  axis  being  near,  but  above,  the  lower 
end  of  the  tube.  The  mirror  therefore  helps  to  counterpoise 
the  upper  end  of  the  tube.  This  I  regard  as  a  distinct  improve- 
ment. The  danger  of  large  masses  of  metal  near  the  mirror 
injuring  the  definition  is.  in  mv  opinion,  imaginary;  at  least 
there  is  no  such  danger  on  Mt.  Hamilton,  where  the  tempera- 
ture variations  are  unusuallv  small.  Experience  with  the 
Crossley  reflector,  as  well  as  with  the  other  instruments  of  the 
Lick  Observatory,  shows  that  the  definition  depends  almost 
entirely  on  external  conditions. 

Mv  first  trials  of  the  reflector,  as  first  mounted  at  the  Lick 
Observatory,  showed  that  the  center  of  motion  was  inconveniently 
high.  Among  other  difficulties  arising  from  this  circumstance, 
the  spectroscope  projected  beyond  the  top  of  the  dome,  so  that  it 
had  to  be  removed  before  the  shutter  could  be  closed.  In  July 
1898  the  pier  was  therefore  cut  down  two  feet.  This  brought 
the  eye-end  down  nearly  to  the  level  of  the  gallery  rail,  where 
it  was  at  a  convenient  height  for  the  observer  when  sitting  on  a 
camp-stool,  and  it  made  all  parts  of  the  mounting  more  acces- 
sible. Toward  the  north  and  south,  the  range  of  the  telescojie, 
being  limited  in  these  directions  by  the  construction  of  the 
mounting,  was  not  affected  by  the  change,  but  the  telescope  can- 
not now  be  used  at  such  low  altitudes  as  formerly,  near  the  east 
and  west  points  of  the  horizon.  The  only  occasion  likely  to  call 
for  the  use  of  the  reflector  in  these  positions  is  the  appearance 
of  a  large  comet  near  the  Sun,  and  after  some  consideration.  I 
decided  to  sacrifice  these  chances  for  the  sake  of  increasing  the 
general  usefulness  of  the  instrument.  Except  in  rare  cases,  all 
observations  are  made  within  three  hours  of  the  meridian. 

To  adaj)t  the  mounting  to  the  latitude  of  Mt.  Hamilton,  a 
\vedge-sha[:)ed  casting,  shown  in  Plate  VH,  had  been  provided,  but 
through  some  error,  arising  probably  from  the  fact  that  the  tele- 
scope had  been  used  in  two  different  latitudes  in  England,  the 
angle  of  the  casting  was  too  great.  When  the  pier  was  cut  down 
its  upper  surface  was  therefore  sloped  toward  the  south,  in  order 
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to   compensate   the    error    in   the  casting.      Plate  VII  shows  the 
instrument  very  nearly  as  it  is  at  the  present  time. 

The  polar  axis  of  the  Crossley  reflector  is  a  long,  hollow 
cylinder,  separated  by  a  space  of  about  one  eighth  of  an  inch 
from  its  concentric  casing.  The  idea  was  to  fill  this  sj^ace  with 
mercury,  and  float  the  greater  part  of  the  thrust  of  the  axis,  the 
function  of  a  small  steel  pin  at  the  lower  end  being  merely  to 
steady  the  axis.  But  this  mercury  flotation,  as  applied  to  the 
Crossley  telescope,  is  a  delusion,  as  I  think  Mr.  Crossley  had 
already  found.  The  mercury,  it  is  true,  relieves  the  thrust  to 
some  extent,  but  it  greatly  increases  the  already  enormous  side 
pressure  on  the  steel  \nn  at  the  bottom,  thus  creating  a  much 
greater  evil  than  the  one  it  is  intended  to  remedy.  The  work- 
men who  set  up  the  mounting  inform  me  that  the  small  bearing 
at  the  lower  end  of  the  polar  axis  is  badly  w^orn,  as  I  should 
expect  it  to  be.  Instead  of  putting  mercury  into  the  space 
intended  for  it,  I  have  therefore  poured  in  a  pint  or  so  of  oil,  to 
keep  the  lower  bearing  lubricated.  For  the  reasons  indicated 
above,  the  force  re(]uired  to  move  the  telescope  in  right  ascen- 
sion is  perhaps  five  times  greater  than  it  should  be.  The  lower 
end  of  the  polar  axis  ought  to  be  fitted  with  ball  bearings  to  take 
the  thrust,  and  with  a  pair  of  friction  wheels  on  top ;  but  it 
would  be  difificult  to  make  these  changes  now.  It  should  be 
observed  that  the  disadvantages  of  the  mercury  flotation  are 
considerably  greater  at  Mt.  Hamilton  than  at  the  latitude  for 
which  the  telescope  was  designed. 

As  already  stated  above,  the  range  of  the  telescope  is  limited 
on  the  south  by  the  construction  of  the  mounting.  The  great- 
est southern  declination  which  can  be  observed  is  25°.  In  Eng- 
land this  would  doubtless  mark  the  limit  set  by  atmospheric 
conditions,  but  at  Mt.  Hamilton  it  would  be  easy  to  photograph 
objects  15"  farther  south,  if  the  telescope  could  be  pointed  to 
them. 

The  original  driving-clock  having  proved  to  be  inefficient,  at 
least  without  an  electric  control,  a  new  and  powerful  driving- 
clock   was   made  by  the  Observatory   instrument   maker,    from 
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designs  by  Professor  Hussev.  In  its  general  plan  it  is  like  that  of 
the  36-inch  refractor.  The  winding  ajjparatus,  contained  in  the 
large  casting  of  the  original  mounting,  has  no  maintaining  power, 
and  cannot  easily  be  fitted  with  one.  The  clock  could  in  no  case 
be  wound  during  a  photographic  exposure,  on  account  of  the 
tremors  attending  the  operation,  but  it  would  be  somewhat  more 
convenient  to  have  the  stars  remain  on  the  plate  during  the 
winding.  With  a  little  jjractice,  however,  one  can  wind  the 
clock  without  actually  stopping  it,  though  the  object  must  after- 
wards be  brought  back  to  its  place  by  means  of  the  slow  motion 
in  right  ascension. 

Two  finders  have  recently  been  fitted  to  the  Crossley  reflec- 
tor. One  has  an  object-glass  of  four  inches  aperture  and  eight 
feet  six  inches  focal  length,  w^ith  a  field  of  about  I°  2',  which  is 
verv  nearlv  the  photographic  field  of  the  main  telescope.  Its 
standards  are  bolted  to  one  of  the  corner  tubes  of  the  reflector,  as 
shown  in  Plate  VII.  The  other  finder  has  a  three-inch  objective 
and  a  large  field.  It  had  not  been  mounted  when  the  photograph 
for  the  plate  was  made. 

When  a  telescope  is  used  for  photographing  objects  near  the 
pole,  with  long  exposures,  the  polar  axis  must  be  quite  accurately 
adjusted,  for  otherwise  the  centers  of  motion  of  the  stars  and  of 
the  telescope  will  not  agree,  and  the  star  images  will  be  distorted. 
It  is  true  that  with  a  double-slide  plate-holder,  like  the  one  used 
with  the  Crossley  reflector,  one  star — namely  the  guiding  star  — 
is  forced  to  remain  in  a  fixed  ])osition  with  respect  to  the  plate  ; 
but  the  differential  motion  of  the  other  stars  causes  them  to 
describe  short  arcs,  or  trails,  around  this  star  as  a  center.  A 
considerable  part  of  the  spring  of  1899  was  spent  in  efforts  to 
perfect  the  adjustment  of  the  polar  axis,  an  operation  which,  on 
account  of  the  peculiar  form  of  the  mounting,  offers  unusual 
difficulties. 

In  the  first  |)lan  which  was  tried,  the  reflector  was  used  as  a 
transit  instrument.  The  inclination  of  the  declination  axis  was 
determined  with  a  hanging  level  which  had  been  provided  by 
Mr.   Crossley,  the   hour  circle  and  polar  axis  being  very  firmly 
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clamped.  The  clock  correction  being  known  from  the  records 
kept  at  the  Observatory,  the  collimation  and  azimuth  constants 
were  found  by  the  usual  formuk-e.  This  method  failed  to  give 
satisfactory  results,  and  it  was  found  later  that  the  declination 
and  polar  axis  were  not  exactly  at  right  angles. 

There  is  only  one  part  of  the  sky  on  which  the  telescope  can 
be  reversed  ;  namely,  the  })ole.  A  method  which  promised  well, 
and  on  which  some  time  was  spent,  consists  in  jjhotographing 
the  pole  (the  declination  axis  being  horizontal)  by  allowing  the 
stars  near  it  to  trail  for  ten  or  fifteen  minutes,  then  turning  the 
polar  axis  i8o°  and  photographing  the  pole  again  on  the  same 
plate.  Half  the  distance  between  the  images  gives  the  error  of 
the  polar  axis,  which  if  the  plate  is  properly  oriented,  is  easily 
resolved  into  horizontal  and  vertical  components  ;  while  the  dis- 
tance of  each  image  from  the  center  of  the  plate  is  this  error 
increased  or  diminished  by  twice  the  deviation  of  the  telescope 
axis.  In  this  case  the  vertical  component  depends  upon  the  read- 
ing of  the  declination  circle,  and  the  horizontal  component  gives 
the  error  of  collimation.  This  method  failed,  however,  to  give 
consistent  results,  mainly  on  account  of  instability  of  the  mirror, 
and  was  abandoned. 

The  use  of  the  large  mirror  for  purposes  of  adjustment  was 
finally  given  up,  and  the  axis  was  adjusted  by  observations  of 
Polaris  with  the  long  finder,  in  the  usual  manner.  In  order  to 
reach  the  star  at  lower  culmination  the  finder  tube  had  to  be 
thrown  out  of  parallelism  with  the  main  telescope. 

The  base-plate  having  no  definite  center  of  rotation  in  azimuth, 
and  the  wedges  and  crowbars  used  for  moving  it  being  uncertain 
in  their  action,  a  watch  telescope,  provided  with  a  micrometer 
eyepiece,  was  firmly  secured  to  the  mounting  throughout  these 
operations,  in  such  manner  that  a  mark  on  the  southern  horizon 
could  be  observed  through  one  of  the  windows  of  the  dome. 
The  errors  of  the  polar  axis  were  finally  reduced  to  within  ,the 
limits  of  error  of  observation. 

The  movable  hour  circle  and  driving  wheel  of  the  Crossley 
reflector  has  two  sets  of  graduations.     The  driving  screw  having 
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been  thrown  out  of  gear,  the  circle  is  turned  until  the  outer 
vernier  indicates  the  sidereal  time,  whereupon  the  driving  screw 
is  thrown  into  gear  again.  The  inner  vernier  is  then  set  to  the 
right  ascension  of  the  object  which  it  is  desired  to  observe.  As 
an  inconsistency,  of  minor  importance,  in  the  design  of  the 
mounting,  I  may  note  that  the  slow  motion  in  right  ascension 
changes  the  reading  of  the  outer  vernier  instead  of  that  of  the 
inner  one.  In  practice,  however,  no  inconxenience  is  caused  by 
this  construction. 

In  the  early  experiments  and  jjhotographic  work  with  the 
Crossley  telescope,  irregularities  in  driving  were  a  source  of  great 
annoyance.  Dr.  Roberts,  in  laying  down  the  conditions  which 
should  be  fulfilled  by  a  good  photographic  telescope,  says  that 
a  star  should  remain  bisected  by  a  thread  in  the  eyej^iece  for  two 
minutes  at  a  time.  The  Crossley  telescope  was  so  far  from  ful- 
filling this  condition  that  a  star  would  not  keep  its  place  for  two 
consecutive  seconds ;  and  the  greatest  alertness  on  the  part  of 
the  observer  did  not  suf^ce  to  ensure  round  star  images  on  a 
photographic  plate.  It  was  obvious  that  the  fault  did  not  lie 
with  the  driving  clock  ;  in  fact,  many  of  the  sudden  jum})s  in 
right  ascension,  if  explained  in  this  way,  would  have  re(]uired 
the  clock  to  run  backward  ;  nevertheless  the  clock  was  tested 
by  causing  its  revolutions  to  be  recorded  on  a  chronograph  at 
the  main  Observatory,  together  with  the  beats  of  one  of  the 
standard  clocks.  For  this  purpose  a  break-circuit  attachment 
was  made  by  Mr.  Palmer.  The  errors  of  the  clock  were  in  this 
way  found  to  be  quite  small. 

The  princij)al  source  of  the  irregularities  was  found  in  the 
concealed  upper  differential  wheel  of  the  Grubb  slow  motion. 
This  wheel  turned  with  uncertain  friction,  sometimes  rotating  on 
its  axis,  and  sometimes  remaining  at  rest.  After  it  was  checked 
the  driving  was  much  better,  and  was  still  farther  improved  by 
repairing  some  defective  jjarts  of  the  train.  Small  irregularities 
still  remain.  They  seem  to  be  partly  due  to  inaccuracies  in  the 
cutting  of  the  gears,  or  of  the  teeth  of  the  large  driving  wheel, 
and  partly  to  the  springing  of  the  various  parts,  due  to  the  very 
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considerable  friction  of  the  polar  axis  in  its  bearings.  The 
remaining  irregularities  are  so  small,  however,  that  they  are 
easily  corrected  by  the  screws  of  the  sliding  j)late-holder,  and 
with  reasonable  attention  on  the  part  of  the  observer,  round  star 
images  are  obtained  with  exposures  of  four  hours'   duration. 

The  large  mirror,  the  most  important  part  of  the  telescope, 
has  an  aperture  of  three  feet,  and  a  focal  length  of  17  feet  6.1 
inches.  It  was  made  by  Mr.  Calver.  Its  figure  is  excellent. 
On  cutting  off  the  cone  of  rays  from  a  star,  by  a  knife-edge  at 
the  focus,  according  to  the  method  of  Foucault,  the  illumination 
of  the  mirror  is  very  uniform,  while  the  star  disks  as  seen  in  an 
ordinary  eyepiece  are  small  and  almost  perfectly  round.  They 
are  not,  I  think,  cjuite  so  good  as  the  images  seen  with  a  large 
refractor  ;  still,  they  are  very  good  indeed,  as  the  following 
observations  of  double  stars,  made  recently  for  this  purpose,  will 
show. 

Several  close  double  stars  were  examined  on  the  night  of 
April  17,  igco,  with  a  power  of  620.  The  seeing  was  four  on  a 
scale  of  five.  The  magnitudes  and  distances  of  the  components, 
as  given  in  the  table,  are  from  recent  observations  by  Professor 
Hussey  with  the  36-inch  refractor. 

Star  Mag.  d.  Result  of  Obs. 

02  2o'i{4>  Urs.  Maj.)     5.0,   5.5  0^35  Not  resolved  ;  too  bright. 

OS  249,  AB  7.2,  8.0  0.54  Easily  resolved. 

OS  250  7.7,  8.0  0.44  Resolved, 

OS  267  8.0,  8.2  0.30  Just  resolved  at  best 

moments. 

Although  the  theoretical  limit  of  resolution  for  a  three-foot 
aperture  is  not  reached  in  these  observations,  I  do  not  think  the 
mirror  can  do  any  better. 

The  small  mirror,  or  flat,  at  the  upper  end  of  the  tube,  is 
circular,  the  diameter  being  nine  inches.  Its  projection  on  the 
plane  of  the  photographic  plate  is  therefore  elliptical ;  but  the 
projection  of  the  mirror  and  its  cell  on  the  plane  of  the  great 
mirror  is  very  nearly  circular. 

The  small  mirror,  acting  as  a  central  stop,  has  the  effect  of 
diminishing  the  size  of  the  central  disk  of  the  diffraction  pattern, 
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at  the  expense  of  an  increase  in  the  brightness  of  the  system  of 
rings.  To  this  effect  may  be  due,  in  part,  the  inferiority  of  the 
reflector  for  resolving  bright  doubles,  as  compared  with  a 
refractor  of  the  same  aperture.  For  photographic  purposes,  it 
is  evident  that  the  mirror  is   practically  perfect. 

The  upper  end  of  the  tube  can  be  rotated,  carrying  with  it 
the  flat  and  the  eye-end.  Whenever  the  position  is  changed, 
the  mirrors  have  to  be  re-coUimated.  In  practice  it  is  seldom 
necessarv  to  touch  the  adjusting  screws  of  the  mirrors  them- 
selves. The  adjustment  is  effected  by  means  of  clamping  and 
butting  screws  on  the  eye-end,  and  a  change  of  the  line  of 
coUimation,  with  respect  to  the  finders  and  the  circles,  is 
avoided.  The  operation  is  generally  referred  to,  however,  as  an 
adjustment  of  the  mirrors. 

For  adjusting  the  mirrors  there  are  two  collimators.  One  of 
these  is  of  the  form  devised  by  Mr.  Crossley.'  It  is  very  con- 
venient in  use,  and  is  sufficiently  accurate  for  the  adjustment  of 
the  eye-end  when  the  telescope  is  used  for  photographic  pur- 
poses, inasmuch  as  the  exact  place  where  the  axis  of  the  large 
mirror  cuts  the  photographic  plate  is  not  then  a  matter  of  great 
importance,  so  long  as  it  is  near  the  center.  Moreover,  as  stated 
farther  below,  the  direction  of  the  axis  changes  during  a  long 
exposure.  The  other  collimator  is  of  a  form  originally  due,  I 
think,  to  Dr.  Johnstone  Stoney.  It  consists  of  a  small  tele- 
scope, which  fits  the  draw-tube  at  the  eye-end.  In  the  focus  of 
the  eyepiece  are,  instead  of  cross-wires,  two  adjustable  termi- 
nals, between  which  an  electric  spark  can  be  passed,  generated 
by  a  small  induction  machine,  like  a  replenisher,  held  in  the 
observer's  hand.  The  terminals  are  at  such  a  distance  inside 
the  principal  focus  of  the  objective,  that  the  light  from  the 
spark,  after  reflection  from  the  flat,  appears  to  proceed  from  the 
center  of  curvature  of  the  large  mirror.  The  rays  are  therefore 
reflected  back  normallv,  and  form  an  image  of  the  spark  which, 
when  the  mirrors  are  in  perfect  adjustment,  coincides  with  the 
spark  itself.     The  precision  of  this   method  is  very  great.      It  is 

^Mon.  Not.  R.  A.  S.,  48,  280,  1888. 
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in  fact  out  of  proportion  to  the  degree  of  refinement  attained 
in  other  adjustments  of  the  reflectoi",  for  a  slight  pressure  of  the 
hand  on  the  draw-tube,  or  movement  of  the  telescope  to  a 
different  altitude,  instantly  destroys  the  perfection  of  the 
adjustment.  I  ha\'c  provided  these  collimators  with  an  adapter 
which  fits  the  photographic  apj^aratus,  so  that  one  can  adjust  the 
mirrors  without  having  to  remove  this  apparatus  and  substitute 
for  it  the  ordinary  eye-end  carrying  the  eyepieces. 

For  visual  observation  the  Crossley  telescoi)e  is  provided 
with  seven  eyepieces,  with  powers  ranging  from  620  downward. 
The  lowest  power  is  only  60,  and  consequently  utilizes  only  12 
inches  of  the  mirror,  9  of  which  are  covered  by  the  central  flat. 
It  is  therefore  of  little  value,  except  for  finding  purposes.  The 
next  lowest  power  utilizes  28  inches  of  the  mirror.  The  other 
eyepieces  call  for  no  remark. 

But,  while  the  Crossley  reflector  would  doubtless  be  service- 
able for  various  kinds  of  visual  observations,  its  photographic 
ajjplications  are  regarded  as  having  the  most  importance,  and 
have  been  chiefly  considered  in  deciding  upon  the  different 
changes  and  improvements  which  have  been  made. 

The  interior  of  the  dome  is  lighted  at  night  by  a  large  lamp, 
which  is  enclosed  in  a  suitable  box  or  lantern,  fitted  with  panes 
of  red  glass,  and  mounted  on  a  portable  stand.  In  order  to 
diffuse  the  light  in  the  lower  part  of  the  dome,  where  most  of 
tlie  assistant's  work  is  done,  the  walls  are  painted  bright  red  ; 
while  to  prevent  reflected  light  from  reaching  the  photographic 
plate,  the  inner  surface  of  the  dome  itself,  the  mounting,  and 
the  ladders  and  gallery  are  painted  dead  black.  The  observer 
is  therefore  in  comparative  darkness,  and  not  the  slightest 
fogging  of  the  plate,  from  the  red  light  below,  is  produced 
during  a  four-hours'  exposure.  On  the  few  occasions  when 
orthochromatic  plates  are  used,  the  lamp  need  not  be  lighted. 

Experiments  have  shown  that  the  fogging  of  the  photo- 
gra])hic  plate,  during  a  long  exposure,-  is  entirely  due  to  diffuse 
light  from  the  sky,  and  is  therefore  unavoidable.  For  this  rea- 
son the  cloth  curtains  which  lace  to  the  corners  of  the  telescope 
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tube,  enclosing  it  and  shutting  out  light  from  the  lower  part  of 
the  dome,  have  not  been  used,  since  their  only  effect  would  be 
to  catch  the  wind  and  cause  vibrations  of  the  telescope.  They 
would  j^robably  have  little  effect  on  the  definition,  and  at  any 
rate  could  not  be  expected  to  improve  it. 

For  photographing  stars  and  nebulae  the  Crossley  reflector  is 
provided  with  a  double-slide  plate-holder,  of  the  form  invented 
bv  Ur.  Common.'  This  apj)aratus,  which  had  suffered  consider- 
ably in  transportation,  and  from  general  wear  and  tear,  was 
thoroughly  overhauled  by  the  Observatory  instrument-maker. 
The  plates  were  straightened  and  the  slides  refitted.  A  spr.ng 
was  introduced  to  oppose  the  right  ascension  screw  and  take  up 
the  lost  motion — the  most  annoying  defect  that  such  a  piece  of 
ajjparatus  can  have — and  various  other  improvements  were 
made,  as  the  necessity  for  them  became  apparent.  They  are 
described  in  detail  farther  below. 

The  present  appearance  of  the  eye-end  is  shown  in  Plate  VIII. 
The  plate-holder  is  there  shown,  however,  on  one  side  of  the  tube, 
and  its  longer  side  is  })arallel  to  the  axis  of  the  telescope.  This 
is  not  a  good  position  for  the  eve-end,  except  for  short  exposures. 
In  practice,  the  eye-end  is  always  placed  on  the  north  or  south 
side  of  the  tube,  according  as  the  object  photographed  is  north 
or  south  of  the  zenith.  The  right  ascension  slide  is  then  always 
at  right  angles  to  the  telescope  axis,  and  the  eye-end  cannot  get 
into  an  inaccessible  position  during  a  long  exposure. 

As  the  original  wooden  plate-holders  were  warped,  and  could 
not  be  depended  upon  to  remain  in  the  same  position  for  several 
hours  at  a  time,  they  were  replaced  bv  new  ones  of  metal,  and 
clamping  screws  were  added,  to  hold  them  firmly  in  place.  The 
heads  of  these  screws  are  shown  in  the  plate,  between  the  springs 
which  press  the  plate-holder  against  its  bed. 

To    illuminate    the    cross-wires    of    the   guiding  eyepiece,   a 

small   electric   lamp   is   used,  the   current    for    which    is  brought 

^  Mon.  Aot.  Ji.  A.  S.,  ^q,  2()'j.  The  construction  here  described  is  not  followed 
exactly  in  the  Crossley  apparatus.  The  guiding  eyepiece  slides  freelv  when  not  held 
by  a  clamp.  Pin-holes  for  preventing  fogging  are  unnecessary  when  red  light 
is  used. 
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down  from  the  stora^-e  battery  at  the  main  Observatory.  The 
coarse  wires  have  been  replaced  by  sj)ider's  webs,'  and  reflectors 
ha\e  been  introduced,  to  illuminate  the  declination  thread.  A 
collimating  lens,  j)laced  at  its  princi[)al  focal  distance  from  the 
incandescent  filament  of  the  lamp,  makes  the  illumination  of  the 
wires  nearly  independent  of  their  position  on  the  slide,  and  a 
piece  of  red  glass,  close  to  the  lens,  effectually  removes  all 
danger  of  fogging  the  plate.  The  light  is  varied  to  suit  the 
requirements  of  observation  b}-  rotating  the  reflector  which 
throws  the  light  in  the  direction  of  the  eyepiece. 

In  long  exposures  it  is  important  for  the  observer  to  know  at 
any  moment  the  position  of  the  plate  with  reference  to  its  central 
or  zero  position.  For  this  purpose  scales  with  indexes  are 
attached  to  both  slides  ;  but  as  they  cannot  be  seen  in  the  dark, 
and,  even  if  illuminated  with  red  light,  could  not  be  read  without 
removing  the  eye  from  the  guiding  eyepiece,  I  have  added  two 
short  pins,  one  of  which  is  attached  to  the  lower  side  of  the  right 
ascension  slide,  and  the  other  to  its  guide,  so  that  the  points 
coincide  when  the  scale  reads  zero.  These  pins  can  be  felt  by 
the  fingers,  and  with  a  little  practice  the  observer  can  tell  very 
closely  how  far  the  plate  is  from  its  central  position.  It  would 
not  be  a  very  difficult  matter  to  improve  on  this  contrivance,  say 
by  placing  an  illuminated  scale,  capable  of  independent  adjust- 
ment, in  the  field  of  the  eyepiece,  but  the  pins  answer  every  pur- 
pose. The  declination  slide  is  changed  so  little  that  no  means 
for  indicating  its  position  are  necessary. 

In  this  apparatus,  as  originally  constructed,  the  cross-wires 
of  the  guiding  eyepiece  were  exactly  in  the  plane  of  the  photo- 
graphic plate.  The  earlier  observations  made  with  the  Crossley 
reflector  on  Mt.  Hamilton  showed  that  this  is  not  the  best  posi- 
tion of  the  cross-wires.  The  image  of  a  star  in  the  guiding  eye- 
piece, which,  when  in  the  middle  of  its  slide,  is  nearly  three 
inches  from  the  axis  of  the  mirror,  is  not   round,  and  its  shape 

'  It  so  happens  that  the  tension  of  the  vertical  thread  is  such  that  it  begins  to 
slacken  when  the  temperature  falls  to  within  about  2'  of  the  clew  point.  The  thread 
thus  forms  an  excellent  hygrometer,  which  is  constantly  under  the  eye  of  the  observer. 
\yhen  the  thread  becomes  slack,  it  is  time  to  cover  the  mirrors. 
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varies  as  the  eyepiece  is  jnished  in  or  drawn  out.  In  the  plane 
of  the  photographic  plate  (assumed  to  be  accurately  in  focus), 
it  is  a  crescent,  with  the  convex  side  directed  toward  the  center 
of  the  plate.  This  form  of  image  is  not  suitable  for  accurate 
guiding.  Outside  this  position  the  image  changes  to  an  arrow- 
head, the  point  of  which  is  directed  toward  the  axis,  and  this 
image  can  be  very  accurately  bisected  by  the  right  ascension 
thread.  As  the  construction  of  the  apparatus  did  not  allow  the 
plane  of  the  cross-wires  to  be  changed,  the  wooden  bed  of  the 
plate-holder  was  cur  down,  so  as  to  bring  the  wires  and  the  plate 
into  the  proper  relative  positions. 

After  some  further  experience  with  the  instrument,  still 
another  change  was  made  in  this  adjustment.  It  was  found  that 
the  focus  often  changed  very  perceptibly  during  a  long  exposure, 
and  while  the  arrow-head  image  above  described  was  suitable  for 
guiding  purposes,  its  form  was  not  greatly  affected  by  changes 
of  focus.  Between  the  crescent  and  the  arrow-head  images  there 
is  a  transition  form,  in  which  two  well-defined  caustic  curves  in 
the  aberration  pattern  intersect  at  an  acute  angle.  The  inter- 
section of  these  caustics  offers  an  excellent  mark  for  the  cross- 
wires,  and  is  at  the  same  time  very  sensitive  to  changes  of  focus, 
which  cause  it  to  travel  up  or  down  in  the  general  pattern.  Tlie 
bed  of  the  plate-holder  was  therefore  raised,  by  facing  it  with  a 
brass  plate  of  the  proper  thickness. 

Why  the  focus  of  the  telescope  should  change  during  a  long 
exposure  is  not  quite  clear.  The  change  is  much  too  great  to  be 
accounted  for  by  expansion  and  contraction  of  the  rods  forming 
the  tube,  following  changes  of  temperature,  while  a  simple 
geometrical  construction  shows  that  a  drooping  of  the  upper  end 
of  the  tube,  increasing  the  distance  of  the  plate  from  the 
(unreflected)  axis  of  the  mirror,  cannot  displace  the  focus  in  a 
direction  normal  to  the  plate,  if  it  is  assumed  that  the  field  is 
flat.  The  observed  effect  is  probably  due  to  the  fact  that  the 
focal  surface  is  not  flat,  but  curved.  During  a  long  exposure, 
the  observer  keeps  the  guiding  star,  and  therefore,  very  approx- 
imately, all  other  stars,  in  the  same  positions  relatively  to  the 
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plate ;  but  he  has  no  control  over  the  position  of  the  axis  of  the 
mirror,  which,  by  changes  of  flexure,  wanders  irregularly  over 
the  field.  The  position  of  maximum  curvature,  therefore,  also 
varies,  and  with  it  the  focus  of  the  guiding  star  relatively  to  the 
cross-wires,  where  the  focal  surface  is  considerably  inclined  to  the 
field  of  view.  It  is  certain  that  the  focus  does  change  consider- 
ably, whatever  the  cause  may  be,  and  that  the  best  photographic 
star  images  are  obtained  by  keeping  the  focus  of  the  guiding 
star  unchanged  during  the  exposures.  This  is  done  by  turning 
the  focusing  screw  of  the  eye-end. 

In  making  the  photographs  of  nebuLx  for  which  the  Crossley 
telescope  is  at  present  regularly  employed,  it  was  at  first  our 
practice  to  adjust  the  driving-clock  as  accurately  as  possible  to 
a  sidereal  rate,  and  then,  when  the  star  had  drifted  too  far  from 
its  original  position,  on  account  of  changes  of  rate  or  of  flexure,  to 
bring  it  back  by  the  right  ascension  slow  motion,  the  observer 
either  closing  the  slide  of  the  plate-holder  or  following  the 
motion  of  the  star  as  best  he  could  with  the  right-ascension 
screw.  Lately  a  more  satisfactory  method,  suggested  by  Mr. 
Palmer,  has  been  employed.  The  slow  motion  in  right  ascension 
is  of  Grubb's  form,'  and  the  telescope  has  two  slightly  different 
rates,  according  to  whether  the  loose  wheel  is  stopped  or  allowed 
to  turn  freely.  The  driving-clock  is  adjusted  so  that  one  of  these 
rates  is  too  fast,  the  other  too  slow.  At  the  beginning  of  an 
exposure  the  wheel  is,  say,  undamped,  and  the  guiding  star 
begins  to  drift  very  slowly  toward  the  left,  the  observer  follow- 
ing it  with  the  screw  of  the  plate-holder.  When  it  has  drifted 
far  enough,  as  indicated  by  the  pins  mentioned  further  above, 
the  wheel  is  clamped.  The  star  then  reverses  its  motion  and 
begins  to  drift  toward  the  right ;  and  so  on  throughout  the 
exposure.  The  advantages  of  this  method  over  the  one  pre- 
viously employed  are,  that  the  star  never  has  to  be  moved  by  the 
slow  motion  of  the  telescope,  and  that  its  general  drift  is  in  a 
known  direction,  so  that  its  movements  can  be  anticipated  by 
the  observer.     In  this  way  photographs  are  obtained,  with  four 

M/<?«.  Not.  R.  A.  S.,  48,  352. 
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hours'  exposure,  on  which  the  smallest  star  disks  are  almost 
perfectly  round  near  the  center  of  the  plate,  and  from  2"  to  3" 
in  diameter. 

The  star  images  are  practically  round  over  a  field  at  least 
I  inch  or  16'  in  diameter.  Farther  from  the  center  they  become 
parabolic,  but  they  are  quite  good  over  the  entire  plate,  3^  by 
4^^  inches. 

From  these  statements  it  will  be  seen  that  small  irregularities 
in  driving  no  longer  present  any  difficulties.  But  certain 
irregular  motions  of  the  image  still  take  place  occasionally,  and 
so  far  it  has  not  been  possible  entirely  to  prevent  their  occurrence. 

It  was  found  that  the  declination  clamp  (the  long  slo\y- 
motion  handle  attached  to  which  is  shown  in  Plate  VII)  was  not 
sufficiently  powerful  to  hold  the  telescope  firmly  during  a  long 
exposure.  A  screw  clamp  was  therefore  added,  which  forces 
the  toothed-declination  sector  strongly  against  an  iron  block 
just  behind  it,  thus  restoring,  I  think,  the  original  arrangement 
of  the  declination  clamp  as  designed  by  Dr.  Common.  This 
clamp  holds  the  tube  very  firmly. 

The  irregularities  to  which  I  have  referred  consist  in  sudden 
and  unexpected  jumps  of  the  image,  which  always  occur  some 
time  after  the  telescope  has  passed  the  meridian.  These  jumps 
are  sometimes  quite  large — as  much  as  one  sixteenth  of  an  inch 
or  i'.  They  are  due  to  two  causes;  flexure  of  the  tube,  and 
sliding  of  the  mirror  on  its  bed.  When  the  jump  is  due  to  sud- 
den changes  of  flexure,  the  image  moves  very  quickly,  and 
vibrates  before  it  comes  to  rest  in  its  new  position,  and  at  the 
same  time  there  is  often  heard  a  slight  ringing  sound  from  the 
tension  rods  of  the  tube.  There  seems  to  be  no  remedy  for  the 
sudden  motions  of  this  class.  The  tension  rods  are  set  up  as 
tightly  as  possible  without  endangering  the  threads  at  their  ends 
or  buckling  the  large  corner  tubes.  A  round  telescope  tube, 
made  of  spirally-wound  steel  ribbon  riveted  at  the  crossings, 
would  probably  be  better  than  the  square  tube  now  in  use. 

Jumps  due  to  shifting  of  the  mirror  are  characterized  by  a 
gentle,  gliding  motion.     Thev  can  be  remedied,  in  part,  at  least. 


THE  CROSS  LEY  REFLECTOR  343 

by  tightening  the  copper  bands  which  ])ass  around  the  circum- 
ference of  the  mirror  within  its  cell.  This  will  be  done  the  next 
time  the  mirror  is  resilvered. 

All  that  the  observer  can  do  when  a  jump  occurs  is  to 
bring  back  the  image  as  (luickly  as  possible  to  the  inter- 
section of  the  cross-wires.  If  all  the  stars  on  the  plate  are 
faint,  no  effect  will  be  produced  on  the  photograph ;  but 
stars  of  the  eighth  magnitude  or  brighter  will  leave  short  trails. 
The  nebula,  if  there  is  one  on  the  plate,  will,  of  course,  be 
unaffected. 

Before  beginning  an  exposure  the  focus  is  adjusted  by  means 
of  a  high-j)ower  positive  eyepiece.  An  old  negative,  from 
which  the  film  has  been  partially  scraped,  is  placed  in  one  of  the 
plate-holders,  and  the  film  is  brought  into  the  common  focus  of 
the  eyepiece  and  the  great  mirror.  The  appearance  of  the  guid- 
ing star,  which  varies  somewhat  with  the  position  of  the  guiding 
eyepiece  on  its  slide,  is  then  carefully  noted,  and  is  kept  con- 
stant during  the  exposure  by  turning,  when  necessary,  the  focus- 
ing screw  of  the  eye-end.  For  preliminary  adjustments  a 
ground-glass  screen  is  often  convenient.  On  it  all  the  DM. 
stars,  and  even  considerably  fainter  ones,  as  well  as  the  nebulae  of 
Herschel's  Class  I,  are  easily  visible  without  a  lens. 

Plates  are  backed,  not  more  than  a  day  or  two  before  use, 
with  Carbutt's  "Columbian  backing,"  which  is  an  excellent  prep- 
aration for  this  purpose.  During  the  exposure  the  observer 
and  assistant  exchange  places  every  half  hour,  thereby  greatly 
relieving  the  tediousness  of  the  work,  though  two  exposures  of 
four  hours  each,  in  one  night,  have  proved  to  be  too  fatiguing 
for  general  practice.  At  the  end  of  the  first  two  hours  it  is 
necessary  to  close  the  slide  and  wind  the  clock. 

The  brightness  of  the  guiding  star  is  a  matter  of  some  impor- 
tance. If  the  star  is  too  bright,  its  glare  is  annoying  ;  if  it  is 
too  faint,  the  effort  to  see  it  strains  the  eye,  and  changes  of  focus 
are  not  easily  recognized.  A  star  of  the  ninth  magnitude  is 
about  right.  In  most  cases  a  suitable  star  can  be  found  without 
difficulty. 
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In  such  an  apparatus  as  that  described  above,  the  amount  by 
which  the  plate  may  be  allowed  to  depart  from  its  zero  position 
is  subject  to  a  limitation  which  has  not,  I  think,  been  pointed 
out,  although  it  is  sufficiently  obvious  when  one's  attention  has 
been  called  to  it.  It  depends  upon  the  fact  that  the  plate  neces- 
sarily moves  as  a  whole,  in  a  straight  line  which  is  tangent  to  a 
great  circle  of  the  sjihere,  while  the  stars  move  on  small  circles 
around  the  jjole.  The  compensation  for  drift,  when  the  plate  is 
moved,  is  therefore  exact  at  the  equator  only. 

Let  the  guiding  star  have  the  declination  h^ ,  and  let  a  star  on 
the  upper  edge  of  the  plate  (which,  when  the  telescope  is  north 
of  the  zenith,  and  the  eye-end  is  on  the  north  side  of  the  tele- 
scope, will  be  the  southern  edge),  have  the  declination  8^.  Then 
if  the  guiding  star  is  allowed  to  drift  from  its  zero  position 
through  the  distance  d,  the  other  star  will  drift  through  the  dis- 

tance  d    /  .      If  the  efuiding-  star  is   followed   by  turning  the 

cos   6,  ^  »  J  b 

right  ascension  screw,  the  upper  edge  of  the  plate,  as  well  as  the 
guiding  eyepiece,  will  be  moved  through  the  distance  d.  Hence 
there  will  be  produced  an  elongation  of  the  upper  star,  repre- 
sented by 

/cos  82         \ 

^  =  ^l S-—0 

\cos  d,  / 

t  V,-  u      V  <-  cos  8, 

from  which      a  =  ^; ?r 

cos  62  —  cos  Oi 

Now,  in  the  Crossley  reflector,  the  upper  edge  of  the  plate 
and  the  guiding  eyepiece  are  just  about  3|  inches,  or  i°,  apart. 
If  e  is  given,  the  above  formula  serves  to  determine  the  maximum 
range  of  the  slide  for  different  positions  of  the  telescope. 

It  has  been  stated  farther  above  that  the  smallest  star  disks,  on 
a  good  photograph,  are  sometimes  not  more  than  2"  in  diam- 
eter, or  in  a  linear  measure,  about  ^L.  mm.  An  elongation  of  this 
amount  is  therefore  perceptible.  There  are  many  nebulse  in 
high  northern  declinations,  and  there  are  several  particularly  fine 
ones  in  about  -(-  70°.  If,  therefore,  we  take  8,  —  70^,  8^=  71°, 
^^0.05,  and  substitute   these  values,  we  find  ^=1.0  mm,  which 
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is  the  greatest  permissible  range  of  the  plate  in  photographing 
these  nebulas.  Before  I  realized  the  stringency  of  this  require- 
ment, by  making  the  above  sim])le  computation,  I  spoiled  sev- 
eral otherwise  fine  negatives  by  allowing  the  plate  to  get  too  far 
from  the  center,  thus  producing  elongated  star  images. 

There  is  a  corresponding  elongation  in  declination,  the 
amount  of  which  can  be  determined  by  an  adaptation  of  the 
formula  for  reduction  to  the  meridian,  but  it  is  practically  insen- 
sible. 

On  account  of  the  short  focal  length  of  the  three-foot  mirror, 
the  photographic  resolving  power  of  the  telescope  is  much  below 
its  optical  resolving  power.  For  this  reason  the  photographic 
images  are  less  sensitive  to  conditions  affecting  the  seeing  than 
the  visual  images.  On  the  finest  nights  the  delicate  tracery  of 
bright  lines  or  caustic  curves  in  the  guiding  star  is  as  clear  and 
distinct  as  in  a  printed  pattern.  When  the  seeing  is  only  fair 
these  delicate  details  are  lost,  and  only  the  general  form  of  the 
image,  with  its  two  principal  caustics,  is  seen.  A  photograj)h 
taken  on  such  a  night  is  not,  however,  perceptibly  inferior  to  one 
taken  when  the  seeing  is  perfect.  When,  however,  the  image  is 
so  blurred  that  its  general  form  is  barely  distinguishable,  the 
photographic  star  disks  are  likewise  blurred  and  enlarged,  and 
on  such  nights  photographic  work  is  not  attempted. 

The  forecjoinff  account  of  the  small  changes  which  have  been 
made  in  the  Crossley  telescope  and  its  accessories  may  appear 
to  be  unnecessarily  detailed,  yet  these  small  changes  have 
greatly  increased  the  practical  efficiency  of  the  instrument,  and 
therefore,  small  as  they  are,  they  are  important.  Particularly 
with  an  instrument  of  this  character,  the  difference  between  poor 
and  good  results  lies  in  the  observance  of  just  such  small  details 
as  I  have  described. 

At  present  the  Crossley  reflector  is  being  used  for  photo- 
graphing nebulae,  for  which  purpose  it  is  very  effective.  Some 
nebulae  and  clusters,  like  the  great  nebula  in  Andfo?neda  and 
the  Pleiades,  are  too  large  for  its  plate  (3-^X4^  in.),  but  the 
great  majority  of  nebulae  are  very  much  smaller,  having  a  length 
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of  onlv  a  few  minutes  of  arc,  and  a  large-scale  j)hotograph  is 
reciuired  to  show  them  satisfactorily.  It  is  particularly  impor- 
tant to  have  the  images  of  the  involved  stars  as  small  as  they  can 
be  made. 

iMany  nebuht  of  Herschel's  I  and  II  classes  are  so  bright 
that  fairly  good  j)hotogra]:)hs  can  be  obtained  with  exjjosurcs  of 
from  one  to  two  hours  ;  but  the  results  obtained  with  full  light- 
action  are  so  superior  to  these,  that  longer  exposures  of  3i  or 
4  hours  are  always  preferred.  In  some  exceptional  cases,  expo- 
sures of  only  a  few  minutes  are  sufficient.  The  amount  of  detail 
shown,  e\en  in  the  case  of  very  small  nebulae,  is  surprising. 
It  is  an  interesting  fact  that  these  photographs  confirm  (in  some 
cases  for  the  first  time)  many  of  the  visual  observations  made 
with  the  six-foot  reflector  of  the  Earl  of   Rosse. 

Incidentally,  in  making  these  photographs,  great  numbers  of 
new  nebulas  have  been  discovered.  The  largest  number  that  I 
have  found  on  any  one  plate  is  thirty-one.  Eight  or  ten  is  not 
an  uncommon  number,  and  few  photographs  have  been  obtained 
which  do  not  reveal  the  existence  of  three  or  four  A  catalogue 
of  these  new  objects  will  be  published  in  due  time. 

Some  of  the  results  obtained  with  the  Crossley  reflector, 
relating  chiefly  to  particular  objects  of  some  special  interest, 
have  already  been  published.'     The  photographs  have  also  per- 

'  The  following  list  includes  all  papers  of  interest. 

"  Photographic  Observations  of  Comet  I,  1898  (Brooks),  made  with  the  Crossley 
Reflector  of  the  Lick  Observatory,"  A.  J.  No.  451,  19,  151  ;  see  also  Ap.J.,  8,  287. 

"The  Small  Bright  Nebula  near  Merope,'^  Pub.  A.  S.  P.,  10,  245. 

"On  Some  Photographs  of  the  Great  Nebula  in  C>r/ow,  taken  by  means  of  the 
Less  Refrangible  Rays  in  its  Spectrum,"  Ap.  J.,  9,  133.  See  also  Pub.  A.  S.  P.,  11, 
70  ;  Ap.  J.,  10,  167  ;  A.  N.,  3601. 

"Small  Nebulce  discovered  with  the  Crossley  Reflector  of  the  Lick  Observatory, 
Mon.  Not.  R.  A.  S.,  59,  537. 

"The  Ring  Nebula  in  Lyra,''  Ap.J.,  10,  193. 

"The  Annular  Nebula  H.  IV.  13  in  Cygnus,'"  Ap.  J.,  10,  266 ;  see  also  Pub.  A.  S. 

P;    II,    177- 

"On  the  Predominance  of  Spiral  Forms  among  the  Neliulx,"  A.  A^.,  3601. 

"The  Distribution  of  Stars  in  the  Cluster  Messier  13  in  Hercules,''  (by  H.  K. 
Palmer),  Ap.J.,  10,  246. 

"The  Photographic  Efficiency  of  the  Crossley  Reflector,"  Pub.  A.  S.  P.,  11,  199  ; 
Observatory,  22,  437. 


THE  CROSSLEY  REFLECTOR  347 

mitted  some  wider  conclusions  to  be  drawn,  which  are  constantly 
receiving  further  confirmation  as  the  work  jjrogresses.  They 
may  be  briefly  summarized  as  follows  : 

1.  Many  thousands  of  unrecorded  nebulae  exist  in  the  sky. 
A  conservative  estimate  j:)laces  the  number  within  reach  of  the 
Crossley  reflector  at  about  120,000.  The  number  of  nebulx^  in 
our  catalogues  is  but  a  small  fraction  of  this. 

2.  These  nebuht  exhibit  all  gradations  of  ai)parent  size,  from 
the  great  nebula  in  Andromeda  down  to  an  object  which  is  hardly 
distinguishable  from  a  faint  star  disk. 

3.  Most  of  these  nebulas  have  a  spiral  structure. 

To  these  conclusions  I  may  add  another,  of  more  restricted 
significance,  though  the  evidence  in  favor  of  it  is  not  yet  com- 
plete. Among  the  objects  which  have  been  photographed  with 
the  Crossley  telescope  are  most  of  the  "double"  nebulae  figured 
in  Sir  John  Herschel's  catalogue  i^Phil.  Tratis.,  1833,  Plate  XV). 
The  actual  nebulae,  as  photographed,  have  almost  no  resemblance 
to  the  figures.  They  are,  in  fact,  spirals,  sometimes  of  very  beau- 
tiful and  complex  structure  ;  and,  in  any  one  of  the  nebulae, 
the  secondary  nucleus  of  Herschel's  figure  is  either  a  part  of  the 
spiral  approaching  the  main  nucleus  in  brightness,  or  it  cannot 
be  identified  with  any  real  part  of  the  object.  The  significance 
of  this  somewhat  destructive  conclusion  lies  in  the  fact  that  these 
fio-ures  of  Herschel  have  sometimes  been  re^rarded  as  furnishing 
analogies  for  the  figures  which  Poincare  has  deduced,  from 
theoretical  considerations,  as  being  among  the  possible  forms 
assumed  by  a  rotating  fluid  mass ;  in  other  words,  they  have 
been  regarded  as  illustrating  an  early  stage  in  the  development 

"  New  Nebulae  discovered  photographically  with  the  Crossley  Reflector  of  the 
Lick  Observatory,"  Mon.  Not.  R.  A.  S.,  60,  128. 

"The  Spiral  Nebula  H.  I.  jj  Pegasi"  Ap.J.,  11,  i. 

'•  Photographic  Observations  of  Hind's  V^ariable  Nebula  in  Taurus,  vs\z.A^  w\\X\ 
the  Crossley  Reflector  of  the  Lick  Observatory,"  Mon.  Not.  R.  A.  S.,  60,  424. 

"  Use  of  the  Crosslev  Reflector  for  Photographic  Measurements  of  Position,"  Pub. 
A.  S.  P.,  12,  73- 

"Discovery  and  Photographic  Observations  of  a  New  Asteroid  1899  FD.,"  A.  N, 

3635- 

"  Elements  of  Asteroid  1889  FD.,"  (by  H.  K,  Palmer),  A.  N.,  3635. 
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of  double  star  systems.  The  actual  conditions  of  motion  in  these 
particular  nebulre,  as  indicated  by  the  j^hotographs,  are  obvi- 
ously yery  much  more  complicated  than  those  considered  in  the 
theoretical  discussion. 

While  I  must  lea\-e  to  others  an  estimate  of  the  importance 
of  these  conclusions,  it  seems  to  me  that  they  have  a  very  direct 
bearing  on  many,  if  not  all,  questions  concerning  the  cosmogony. 
If,  for  example,  the  spiral  is  the  form  normally  assumed  by  a 
contracting  nebulous  mass,  the  idea  at  once  suggests  itself  that 
the  solar  system  has  been  evolved  from  a  spiral  nebula,  while  the 
photographs  show  that  the  spiral  nebula  is  not,  as  a  rule,  char- 
acterized by  the  simi)licity  attributed  to  the  contracting  mass  in 
the  nebular  hypothesis.  This  is  a  question  which  has  already 
been  taken  up  by  Professor  Chamberlin  and  Mr.  Moulton,  of 
the  University  of  Chicago. 

The  Crossley  reflector  promises  to  be  useful  in  a  number  of 
fields  which  are  fairly  well  defined.  It  is  clearly  unsuitable  for 
photographing  the  Moon  and  planets,  and  for  star  charting.  On 
the  other  hand,  it  has  proved  to  be  of  value  for  finding  and  pho- 
tographically observing  asteroids  whose  positions  are  already 
approximately  known. 

One  of  the  most  fruitful  fields  for  this  instrument  is  undoubt- 
edly stellar  spectroscopy.  Little  has  been  done  in  this  field  as 
yet,  with  the  Crossley  reflector,  but  two  spectrographs,  with 
which  systematic  investigations  will  be  made,  have  nearly  been 
completed  by  the  Observatory  instrument  maker.  One  of  these, 
constructed  with  the  aid  of  a  fund  given  by  the  late  Miss  C.  W. 
Bruce,  has  a  train  of  three  6o°  prisms  and  one  30°  prism,  and 
an  aperture  of  two  inches ;  the  other,  which  has  a  single  quartz 
prism,  will,  I  have  reason  to  expect,  give  measurable,  though 
small,  spectra  of  stars  nearly  at  the  limit  of  vision  of  the  tele- 
scope. 

The  photogravure  of  the  Trifid  nebula  which  accompanies 
this  article  (see  frontispiece)  was  made  from  a  photograph  taken 
with  the  Crossley  reflector  on  July  6,  1899,  with  an  exposure  of 
three   hours.     It  was  not  selected  as  a  specimen  of  the  work  of 
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the  instrument,  for  the  negative  was  made  in  the  early  stages  of 
the  experiments  that  I  have  described  and  the  star  images  are  not 
good,  but  rather  on  account  of  the  interest  of  the  subject.  At  the 
time  the  photogravures  were  ordered  no  large  scale  photograph 
of  the  Trifid  nebula  had,  so  far  as  I  am  aware,  ever  been  pub- 
lished.' The  remarkable  branching  structure  of  the  nebula  is 
fairly  well  shown  in  the  photogravure,  though  less  distinctly 
than  in  the  transparency  from  which  it  was  made.  The  enlarge- 
ment, as  compared  with  the  original  negative,  is  2.9  diameters, 
(i  mm=i3").  The  fainter  parts  of  the  nebula  would  be  shown 
more  satisfactorily  by  a  longer  exposure. 

'  Since   then   a  photograph  by  Dr.  Roberts  has   appeared  in  Knowledge,  23,  35, 
Feb.  1900. 


THE  PHYSICAL  MEANING  OF  THE  STAR-MAGNITUDE. 

By    R.    DK    K  5  VE  SL  IG  ETH  Y. 

Bv  assuming  Pogson's  numerical  value  for  the  constant  of 
the  Fechner  psycho-physical  law,  we  get  the  definition  of  the 
star-magnitude  in  the  form 

ni  —  m^=  -  2.5  log-y  (i) 

^vhich,  for  stars  ec]ual  to  or  fainter  than  the  sixth  magnitude, 
represents  tolerably  well  the  connection  between  the  measured 
intensity  /  and  /„  and  the  estimated  magnitude  /«,  Wo  of  any 
two  stars.  This  definition,  however,  involves  merely  subjective 
physiological  elements,  inasmuch  as  the  visual  intensity  depends 
not  only  upon  the  objective  continuous  spectrum  of  the  star,  but 
varies  also  with  the  limiting  wave-lengths  of  perception  and 
with  the  sensibility  of  the  eye,  which  is  itself  a  function  of  the 
wave-length.  Thus  even  for  another  suitable  choice  of  the 
Pogson  constant  the  differences  of  magnitude  seem  altered  when 
the  perceiving  medium  of  the  spectrum  is  changed;  e.  g.,  when 
the  photographic  film  is  used  instead  of  the  normal  eye. 

The  question  of  a  jjhvsical  definition  of  the  star  magnitude  is 
therefore  still  open,  though  in  many  cases  it  might  be  of  con- 
siderable value,  especially  for  the  estimation  of  processes  oper- 
ating in  new  stars.  Of  course  I  do  not  here  allude  to  the  fact 
sometimes  invoked  in  investigations  of  the  dimensions  of  the 
stellar  svstem,  that  stars  of  equal  intensity  seem  fainter  by  one 
magnitude  if  removed  to  a  1.585-fold  distance,  but  I  seek  the 
changes  in  the  physical  condition  of  a  star  whose  brightness  has 
varied  by  07ie  magnitude. 

Let  /=A/(A,/x)  (2) 

be  the  intensity  of  a  continuous  spectrum  between  the  wave- 
lengths X  and  \  -\- d\.     Then  the  visual  intensity  becomes 

I=\  f\/{X,t,)d\,  (3) 
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where  the  sensil)ility  of  the  eye,  s,  is  a  function  of  the  w<i\-e- 
length,  while  \^  and  \,  denote  the  limits  of  the  visual  spectrum. 
The  function  A/(A,,  ft)  contains  at  least  two  independent  para- 
meters, as  I  have  shown  elsewhere'  (since  it  would  lead  to  an 
equation  of  dispersion  without  any  constant).  Let  A  be  the  total 
intensity  of  the  spectrum  and  /a  the  wave-length  of  the  maximum 
of  intensity.     Thus  we  have 


/ 


/(X,/x)  d\=i 


The  analytical  form  of  the  sensibility  function  s  is  quite 
unknown  (for  geometrical  representation,  see  this  Journal,  ii, 
18-22).  Numerically  it  might  be  determined  by  comparisons 
of  the  visual  intensity  with  energ}^  observations  made  with  an 
absolutely  black  bolometer.  Its  differential  equations  could  be 
measured  in  a  simpler  way  by  the  probable  error  with  which  a 
homogeneous  light-field  of  given  wave-length  can  be  inserted 
on  the  appropriate  place  of  a  continuous  spectrum.  Here  we  can 
get  on  without  the  explicit  expression  of  the  sensibility,  inas- 
much as  a  mean  value  of  it  between  the  limits  of  the  spectrum 
may  be  placed  as  a  factor  before  the  integral.  Thus  the  visual 
intensity  becomes 

I=ctK  f  y{X,t^)dX,  (4) 

and  a  remains  constant  for  all  stars  of  the  same  spectral  com- 
position, that  is  of  the  same  type,  while  it  varies  from  type  to 
type. 

This  variation  is  very  little,  however,  and,  beyond  the  limits 
of  exactness  of  photometric  measures,  may  be  neglected  in  prac- 
tice. Indeed  all  photometric  measures,  even  of  differently 
colored  stars,  are  usually  made  by  comparison  with  a  few  stand- 
ard stars,  and  likewise  the  same  color  of  comparison  star  was 
always  used  in  the  Potsdcvner  DiircJmiiistening,  being  about  equal 
to  the  mean  color  of  the  second  stellar  type. 

^Monthly  Notices,  58,  No.  3,  115  ;  Grundziige  eitier  theoretischen  Spektralanalyse 
Halle  a/S.  1890,  p.  151. 
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Thus  we  become  —  at  least  in  practice  —  independent  of  the 
unknown  coefficient  a,  and  the  Pogson  formula  gives  for  the 
same  star  whose  magnitude  changed   by  ^//i' order  (w=Wo  +  i): 

A    f  "'f{Ki,)d\ 

1=-  2.5  log ""-^^ ,  (5) 

Kf    /(A,  Mo) '/A 

as  conditional  equation  for  the  changes  necessary  in  Aq  and  y^^ 
to  produce  such  effect.  Taking  into  consideration  what  we 
have  said  of  the  sensibility  factor,  this  etjuation  holds  good, 
even  if  the  change  of  light  was  accomj^anied  by  a  variation  of 
the  color  amounting  to  an  interval  of  two  types. 

The  two  parameters  of  the  spectrum,  A  and  11,  are  functions 
of  the  temperature  and  the  densitv,'  and,  though  known  func- 
tions, do  not  allow  a  uniform  solution  of  the  above  equation. 
The  manner  in  which  the  temperature  and  density  changed 
remains  in  every  case  quite  arbitrary,  and  thus  a  uniform 
physical  definition  of  the  star  magnitude  cannot  be  given. 

The  question  becomes  resolvable  in  a  uniform  manner,  how- 
ever, if  we  assume  that  the  radiating  body  is  an  absolutely  black 
one.  Inasmuch  as  the  superficial  layer,  which  produces  the 
greatest  part  of  the  continuous  spectrum,  may  be  regarded  thick 
enough,  our  h3'pothesis  holds  also  good  for  the  fixed  stars. 

Now  we  know  two  analytical  expressions  for  the  continuous 
spectrum;  the  one  generally  applicable  for  any  body  is  by  the 
author  :^ 

the  other,  which  refers  only  to  absolutely  black  bodies,  is  that  of 
\Vien-Paschen,3  and  may  be  written  in  the  form 

i=^K\-^e-~K  .  (6') 

6 

» "  Ueber  die  beiden  Parametergleichungen  der  Spektralanalyse,"  Math.  u. 
Naturw.  £er.  aus  Ungarn,  i6,  1-49- 

^  Gritndziige  e.  theor.  Spektralanalyse,  p.  1 57. 
3 This  Journal,  10,  40. 
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For  an  absolutely  black  body,  A  obeys  the  Stefan  law  of 
radiation,  while  ix  is  given  by  the  Wien  formula.  If  6  denotes 
the  absolute  temperature,  then 

A        d* 

ir^n-,f  and  h-^  =  28S0  ,  (7) 

provided  that  yu.  is  given  in  thousandth  parts  of  the  millimeter. 
It  may  be  said,  in  brief,  that  I  was  familiar  with  this  ten  years 
before  the  jniblication  of  Wien's  Vcrschiebungsgesetz,  and  that  I 
determined  its  constant  provisionally  by  the  observations  of  G. 
Mi'iUer'  on  the  absorption  of  the  air,  in  a  most  troublesome  way, 
as  20S8.  Similarly  I  used  this  equation  and  the  value  of  the 
constant  for  the  determination  of  the  temperature  of  the  Sun's 
chromosphere.  It  gave  1800°,  or,  with  the  present  value  of  the 
constant,  2475°  o^  ^^^  absolute  scale,  being  1.1631  the  wave- 
length of  the  maximum  intensity  of  an  absolutely  black  body 
having  the  same  temperature  as  the  chromosphere.^ 
Puttinof  now 

X 


=■£  [arc  tang  !%^  _  .  I^^Mi^Z^H  ,  (g) 


and 


=  tang  c^,  ;  -  =  tang  <^,  , 


we  get  in  a  more  simple  form 


^'  (f^)  =  I  [(*^.  -  '^')  -  sii^  0=  -  *^0  cos  (<A,  +  «^,)1   , 


and  similarly  in  the  other  equation 

•A, 

5>*      ' 


^  Astr.  Nachr.,  103,  241,  1882 


(S') 
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we  have  generally 

I=t^F{i.),  (9> 

and  thus  the  Pogson  equation  (5)   becomes 

log  /A  —  -  log  F{tt)  =  0.1  +  log  /Xo log  Fiii.^  .         (10) 

4  4 

Thus   if  we  know  the  average  values  of  /x^  for  the  individual 

stellar  types  we   mav  calculate   the  variations  in  fi  necessary  to 

j)roduce  a  change  from  o//e  magnitude  in   the   luminosity  of  the 

star.       Earlv    spectral-photometric    observations    of    thirty-four 

fixed   stars'    led   me  to  the   following  values,  corrected   for  the 

effect  of  the  atmosphere : 

Type  of  the  star :  I.  II.  III.  /         , 

Average  >to         =  0.45  0.53  0.60,  ^       * 

which  give,  according  to  the   two   hypotheses   made  for  F,  (/i) 
and  F^ifi),  the  limits  of  the  visual  spectrum  being  assumed  at 
Xj  =  o.39  and  \^  =  0.'/6,  the  equations 
I. type;  log^ — i  log -F,(/n)-f  0.0923  =  0  and  log^— i  log /^^f/xj+o.  1679  =  0 
II.  "  "  4-0.0082  =  0  "  "  4-0.0881=0(12) 

III.  "  "  —0.0592=0  "  "  4-0.0200=0', 

The  solutions  for  the  three  types  are,  accordingly, 

I.  type     ^=0.546     and     /u=o.55i 

II.  0.636  0.633  (13) 

III.  0-715  0.706, 

where  the  first  values  refer  to  the  first  hypothesis  for  Fi[fi),  the 
other  column  to  the  second  hypothesis  F^i^fi). 

For  facilitating  the  solution  of   (10)   we  give  here  a  short 
numerical  table  of  the  function  I'z{f^)  and  F^{fx). 


Ji 

Log/",(/x) 

Log  ^Al^) 

0.40 

9-4073 

9.6827 

45 

3821 

6842 

50 

3507 

6671 

55 

3150 

6357 

60 

9.2762 

9-5930 

fi 

Log/^,(/n) 

Log  j^,(m) 

0.65 

9-2354 

9.5412 

70 

1931 

4818 

75 

1499 

4162 

80 

9.1066 

9-3454 

The  part  of  the  energy  falling  in  the  visual  spectrum  is  con- 
siderably greater  if  the  spectrum  is  assumed  in  the  exponential 
form   instead   of  the   algebraic   form.      But   in   both    cases   the 

^  Beobacht.  angest.  am  astrophys.  Observ.  O-Gyalla,  g,  2 1 -4 1,  1888. 


Type. 

flo 

9i 

9, 

0. 

«0 

9, 

I. 

6400° 

5274° 

5230° 

1.2 1 3 

1.224 

II. 

5434 

4527 

4547 

1.200 

1-195 

III. 

4799 

M 

ean 

4025 
of  temp 

4080 
erature  ratio  : 

i.iqi 
1. 201 

1. 176 

1. 198 
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intensity  vanishes  for  /x  =  o  and  fi  =  oo  ,  and  reaches  a  maximum 
value  for  ft  ^0.309  and  /i.  =  0.429  respectively.  These  values, 
therefore,  correspond  to  the  impression  of  the  j)urest  white  in 
the  mixed  light  of  the  source.  I  remark  that  the  gradual 
increasing  and  the  subsequent  decreasing  of  the  intensity  with 
increasing  temperature  is  proved,  at  least  in  single  cases,  by 
observations  of  Lucas. 

In  virtue  of  the  second  part  of  equation  (7),  the  solutions 
(13)  correspond  to  the  following  temperatures: 


(m) 


Therefore,  if  a  white  star  changes  in  magnitude  by  one  order, 
it  is  the  same  as  if  its  superficial  temperature  fell  from  6400°  to 
5274°  or  to  5230°  respectively.  The  temperatures  in  the  two 
hypotheses  are  almost  identical,  and  the  ratio  of  them  is  also 
sensibly  the  same,  but  shows  a  slight  variation  from  type  to 
type.  If  we  therefore  assume  on  the  two  hypotheses  that  a 
variation  of  ofie  magnitude  corresponds  to  an  increase  of  tem- 
perature in  the  ratio  of  i:i.20i  or  of  1:198,  the  equation  (i) 
may  be  written  in  this  form  : 

6  0 

m  —  Wo=  —  12.58  log  ^,and  m  —  w„=  —  12.74  log  ^  ,     (15) 

and  the  assumption  of  an  average  ratio  gives  for  the  stars  of  the 
first  and  third  type  errors  of  0.056  and  0.044,  of  O.i  18  and  O.103 
mag.,  respectively,  which  on  my  hypothesis  do  not  reach,  on 
the  other  scarcely  exceed,  the  limits  of  exactness  of  photometric 
measures. 

We  have,  then,  the  following  theorem  : 

When  the  light  of  a  star  in  form  of  a  point,  of  nearly  abso- 
lute black  character,  increases  by  one  magnitude,  then,  indepen- 
dentlv  of  the  color  of  its  light,  its  superficial  temperature  has 
lessened  by  20  per  cent. 
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We  mav  further  remark,  that  the  "superficial"  temperatures 
(/.  e.,  temj)crature  of  the  layer,  which  produces  the  principal 
part  of  the  continuous  spectrum)  given  in  (14)  under  d^  repre- 
sent lower  limits.  For  if  any  body  and  an  absolutely  black 
body  have  the  same  wave-length  of  intensity  maximum,  the 
latter  is  always  of  lower  temperature. 

The  above  investigation  mav  be  of  some  use  in  its  applica- 
tion to  new  stars.  The  star  T  Coronae  increased  by  three  mag- 
nitudes in  about  two  and  one  half  hours;  that  is  to  say,  during 
this  time  its  temperature  was  elevated  about  0°.$  per  second,  a 
most  probable  quantity,  whether  we  assign  the  apparition  to  a 
collision  with  a  cosmic  cloud  or  to  an  eruption  of  the  still  fluid 
inner  magma. 

0-Gyalla  Obsf:rvatory, 
February  1900. 


ON  THE  ESCAPE  OF  GASES  FROM  PLANETARY 
ATMOSPHERES  ACCORDING  TO  THE  KINETIC 
THEORY. 

By  G.  Johnstone  Stoney. 

PART    II.       MORE    DETAILED    EXAMINATION. 

Mr.  Cook  in  America'  and  Professor  Bryan  in  England^  have 
endeavored  to  determine  the  rate  of  outflow  of  gaseous  mole- 
cules from  atmospheres,  by  regarding  as  applicable  to  that  part 
of  the  atmosphere  from  which  the  outflow  takes  place,  [probability 
laws  which  refer  to  the  distribution  of  the  speeds  of  the  mole- 
cules in  a  portion  of  uniform  gas  surrounded  by  similar  gas.  In 
Part  I  of  the  present  paper  some  general  considerations  have 
been  adduced  tending  to  show  that  this  use  of  the  aforesaid  laws 
is  not  legitimate  ;  and  in  the  following  pages  it  is  proposed  to 
institute  a  closer  scrutiny,  of  such  a  kind  as  will  bring  the 
assumptions  involved  fully  into  view,  and  exhibit  in  a  clear  light 
the  contrast  between  them  and  what  is  really  going  on  in  nature. 
In  order  to  do  this  it  will  be  convenient  to  inquire  successively 
into  the  molecular  velocities  of  the  lower  and  of  the  upper 
regions  of  the  atmosphere. 

MOLECULAR    MOVEMENTS    IN    THE    LOWER    STRATA    OF    THE 
ATMOSPHERE. 

I.  Maxwell's  law  and  its  successors  the  Boltzmann- Maxwell 
law,  and  the  law  with  the  additional  term  introduced  by  Profes- 
sor Bryan,  are  probability  laws,  and  as  such  depend  essentially 
on  the  solution  of  a  functional  equation.  This  method  of  proof 
does  not  ascertain  that  a  law  of  the  kind  exists,  but  only  that  if 
such  a  law  had  existed  under  the  conditions  assumed  in  the 
proof,  it  would  have  been  that  law  which  emerges  when  we  solve 
the  functional   equation.      The  question  as  to  whether  a  law  of 

'See  the  January  number  of  this  Journal. 

^  See  Vae  British  Associatioti  Reports  ior  1 893  and  1899;  and  the  Proceedings  of 
the  Royal  Society  for  April  1900. 

.^57 
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the   kind    exists    is   one  which   the   proof  of  the  probability  law 
gives  no  answer.      It  is  there  assumed. 

2.  This  is  consistent  with  what  we  know  of  such  laws,  that 
tJie  laiv  is  not  really  complied  with  for  any  finite  value  whatever  of 
iV,  using  N  for  the  number  of  events  whose  distribution  is  under 
consideration.  But  the  probability  law  is  nevertheless  of  value 
whenever  it  can  be  shown  that  for  values  of  A^  above  a  certain 
limit  iVo.  the  actual  distribution  is  unlikely  to  differ  much  from 
that  laid  down  by  the  law.  We  can  assure  ourselves  that  this  is 
the  case  in  many  instances.  We  find,  however,  that  the  number 
A'o — the  smallest  number  of  events  whose  distribution  will 
e.vhibit  a  sufficient  approach  to  the  law  to  be  of  use  —  has  very 
different  values  in  different  problems.  In  some  it  is  a  moderate 
number;  while  in  others  (including,  as  we  shall  see,  the  case  of 
molecular  speeds)  it  is  an  enormously  large  number. 

3.  In  some  few  instances  the  value  of  N^  may  be  foreseen  ; 
as  when  the  law  concerns  the  throwing  of  dice.  Here  [^the 
probability  of  each  individual  event  is  known,  the  causes  of  the 
events  are  alike  with  respect  to  the  chance  as  to  which  of  cer- 
tain definite  possible  events  shall  follow,  and  we  have  all  the 
data  required  to  compute  the  value  of  A^o  which  suffices  to  render 
probable  any  desired  degree  of  approximation  between  the 
actual  distribution  and  that  furnished  by  the  probability  law. 

But  in  most  cases  we  have  to  find  A^o  by  experiment.  Thus, 
if  the  matter  to  be  investigated  is  the  distribution  of  shots  on  a 
target,  we  must  have  recourse  to  experiment  to  determine  what 
number  N^  of  shots  will  have  to  be  fired  under  given  conditions 
in  order  that  it  may  be  probable  that  the  actual  distribution  shall 
sufficiently  accord  with  that  indicated  by  the  law ;  and  if  we 
vary  the  conditions  the  number  A^p  is  found  to  vary. 

4.  In  both  these  cases  the  individual  events  are  independent 
of  one  another,  and  their  causes  are  alike.  Where  this  is  so, 
the  number  A^o  is  usually  not  a  very  large  number.  But  when  the 
problem  has  reference  to  the  distribution  of  the  sj:)eeds  with 
which  gaseous  molecules  pursue  their  free  paths,  the  individual 
events  neither  are  independent  nor  are  their  causes  alike  with 
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regard  to  the  |)i'obability  of  the  consecjuences  that  will  ensue. 
Each  speed  is  the  outcome  of  an  intricate  web  of  preceding 
speeds  and  of  associated  events  which  are  all  the  more  complex 
because  of  exchanges  which  take  place  during  the  encounters 
between  the  kinetic  energy  of  the  molecules  regarded  as  missiles 
and  the  energy  of  those  wholly  different  internal  events  which 
influence  and  are  influenced  by  heat  radiations  and  other  kinds 
of  electrical  activity.  The  many  causes  which  have  thus  to 
combine  to  develop  one  of  the  molecular  speeds  may,  and  fre- 
quently do,  cooperate  to  produce  in  it  an  exaggerated  effect, 
Tlicre  is,  accordingly,  a  contiimal  recrudescence  of  abnormal  speeds 
always  sprijiging  np  zvit/mi  a  gas. 

5.  The  frequency  of  combinations  that  produce  exaggerated 
effects  is  consequent  upon  the  marvelous  rapidity  and  complex 
variety  with  which  encounters  succeed  one  another  in  the  career 
of  every  molecule.  Thus  the  number  of  encounters  met  with  by 
each  molecule  of  the  air  about  us  at  the  bottom  of  the  atmos- 
phere is  some  seven  or  eight  millions  in  every  thousandth  of  a 
second  of  time,  according  to  Maxwell's  determinations.  It 
follows  from  this  that  a  combination  of  events  as  unusual  as  the 
throwing  of  doublets  thirteen  times  in  succession  upon  unloaded 
dice,  the  probability  of  which  is  less  than  i  in  13,000  millions, 
does  on  the  average  determine  the  speed  of  every  molecule  of 
the  air  about  us  rather  more  frequently  than  once  every  two 
seconds. 

A  most  instructive  experiment  which  places  in  a  clear  light 
(^)  the  frequent  occurrence  of  exceptional  events  in  gases,  ((^) 
the  fact  that  they  may  reach  every  molecule,  and  (<:)  the  con- 
spicuousness  of  their  effects,  may  be  made  by  exposing  one 
mixture  of  equal  volumes  of  hydrogen  and  chlorine  to  diffused 
light  and  another  to  direct  sunshine.  In  diffused  light  the  gases 
slowly  combine  into  hydrochloric  acid  gas,  in  other  words, 
the  exchange  of  chemical  atoms  between  two  encountering 
molecules  is,  in  diffused  light,  consequent  upon  some  very 
unusual  kind  of  encounter  which  occurs  excessively  rarely  from 
the   molecular   point  of    view.     In    intense    light    this    kind  of 
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encounter  is  still  infrequent  from  the  molecular  standpoint,  but 
so  much  less  so  than  before  that  the  combination  of  the  gases 
now  seems  to  our  coarse  human  senses  to  take  place  with  explosive 
rapidity.  In  cither  case,  after  the  lapse  of  a  suf^cient  time  the 
reaction  is  complete;  every  molecule  is  now  hydrochloric  acid, 
i.  i\,  the  very  unusual  kind  of  encounter  has  reached  C7>cr)'  mole- 
cule of  the  hydrogen  and  chlorine  which   was  originally  present. 

6.  It  thus  appears  that  the  speed  of  a  molecule  in  one  of  its 
free  paths  is  the  outcome  of  an  intricate  body  of  causes,  some 
of  which  are  preceding  molecular  speeds  in  the  gas,  and  others 
are  agencies  of  a  different  character ;  and  further  that  these 
various  factors  sometimes  find  themselves  so  interwoven  that 
they  produce  exaggerated  effects.  When  in  this  way  an  abnormal 
speed  has  been  developed  in  a  molecule,  the  subsequent  encoun- 
ters of  that  molecule  —  which  at  the  bottom  of  the  atmosphere 
no  molecule  is  able  to  avoid  —  tend  in  almost  every  case  to  tone 
down  the  irregularity.  Now  this  toning  down  must  have  been 
effectual  upon  a  sufificient  majority  of  the  irregularities  that 
present  themselves,  in  order  that  the  distribution  of  the  speeds 
may  approximately  conform  to  such  a  law  as  Maxwell's.  This 
requires  a  very  large  number  of  molecular  speeds  to  be  embraced 
in  our  survey  ;  so  that  in  gases,  A^o  is  likely  to  be  a  vastly  higher 
number  than  in  the  simple  cases  with  which  we  are  more  familiar, 
such  as  those  referred  to  in  paragraph  (3).  This  inference  is 
borne  out  by  experiment. 

7.  Let  AFbe  a  small  volume  of  air  under  standard  tempera- 
ture and  pressure,  containing  n  molecules  and  surrounded  by  air 
subjected  to  the  same  conditions  ;  and  let  A/  be  a  small  duration 
such  that  in  it  each  molecule  on  the  average  meets  with  71' 
encounters:   then  will 

A^  =  w  .  « ' 

be  the  number  of  free-paths  described  in  the  time  A/,  by  the 
molecules  which  were,  at  the  beginning  of  that  time,  within  the 
volume  AF. 

We  have  to  find  by  experiment  the  value  of  iVq,  i.  e.,  the 
smallest  value  which  A'^  can  have  consistently  with  a  recognizable 
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ap])roximation  between  tlie  actual  distribution  of  speeds,  and 
that  indicated  by  the  probability  law.  Now  several  experiments, 
both  in  ordinary  air  and  in  attenuated  air,  seem  to  show  that  the 
limiting  number  N^  is  ajjproached  in  ordinary  dry  air  (which 
consists  mainly  of  nitrogen,  oxygen  and  argon) 

when  AFis  the  cube  of  o.i  of  a  millimeter, 
and  A/  is  the  ^'s  of  a  second  of  time. 
We  have  next  to  turn  these  into  the  corresponding  number  of 
free  paths.  The  estimates  and  determinations  of  the  number 
of  molecules  present  in  a  gas  under  standard  temperature  and 
pressure,  differ  a  good  deal  from  one  another,  but  may  all  be 
summed  up  in  the  statement  that 

In  a  cubic   centimeter  of  gas  under  standard  temperature 
and  pressure  there  are  — 

several  trillions  of  molecules  ; 
where  we  use  the  word  "several"  in  a  special  and  very  con- 
venient sense  to  mean  a  number  which  differs  in  the  various 
determinations  and  the  precise  value  of  which  is,  therefore,  not 
known,  but  which  certainly  stands  somewhere  between  the  limits 
10  and  1000. 

For  our  present  purpose  we  shall  find  it  convenient  to  extend 
this  statement  to  the  air  around  us  at  the  bottom  of  the  atmos- 
phere, whatever  the  indications  of  the  thermometer  and  barom- 
eter for  the  time  being  may  be.  This  can  be  effected  by  slightly 
enlarging  the  range  within  which  the  number  represented  by 
"  several  "  is  to  be  sought.  When  thus  modified  the  statement 
becomes 

In  air  or  gas,  subjected  to  any  of  the  temperatures  and  pres- 
sures we   have  experience   of  at  the  bottom  of  the  atmos- 
phere, there  are  in  each  cubic  centimeter  — 
several  trillions  of  molecules  ; 
where  "several"  stands  for  some  number  between   8  and    iioo. 
Hence   in  AF(AF  being  the  cube   of  the  tenth   of  a  milli- 
meter) the  number  of  molecules  of  ordinary  air  is 

71  —  several  billions. 
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Again,  as  each  molecule  in  atmospheric  air  under,  or  nearly 
under,  standard  conditions,  meets  with  about  7000  or  8000  mil- 
lions of  encounters  per  second  (see  Maxwell's  paper),  it  follows 
that  in  the  time  A/  (^'.^  of  a  second)  each  molecule  of  air  at  the 
bottom  of  the  atmosj)here  meets  with  about 

n'  =  300  millions  of  encounters. 
Hence  the  number  of  free  paths  in  the  time  A/,  of  the  molecules 
that  at  the  commencement  of  that  time  were  within  the  volume 
AT',  is  about  — 

No  —  n  .n'  ^^  several  times  300  trillions, 
where  "  several  "  means  a  number  between  8  and  1 100,  the  value 
of  which  is  not  more  exactly  known. 

8.  This  then  seems  to  bring  us  into  the  neighborhood  of  the 
number  of  individual  molecular  speeds  which  must  be  included 
in  our  survey,  in  order  that  the  distribution  of  these  speeds  at 
the  bottom  of  our  atmosphere,  and  in  the  -^^  of  a  second,  may 
approximate  to  obeying  a  probability  law  such  as  the  Maxwell 
law,  the  Boltzmann-Maxwell  law,  or  the  Bryan-Boltzmann-Max- 
well  law.  No  doubt,  if  we  assign  a  different  value  to  A/,  we  may 
get  a  somewhat  different  value  for  A^o  \  but  it  will  always  be  an 
immense  number.  This  is  because  the  assumption  that  is  made 
in  the  proof  of  Maxwell's  law  —  that  the  proportion  of  mole- 
cules whose  speed  lies  between  v  and  v  +  dv,  is  dv  multiplied 
by  a  function  of  v  only  —  is  too  great  a  simplification  of  the  far 
more  complex  function  which  it  really  is.' 

9.  The  state  of  affairs  at  the  bottom  of  the  atmosphere  will 
perhaps  be  more  fully  apprehended,  if  we  represent  it  to  our- 
selves under  a  symbolical  form. 

Out  of  N  free  paths,  the  actual  number  whose  speed  lies 
between  v  and  v-\-  dv 

=  A^(7r  +  8j  dv 

where  tt  is   the  probability  function  —  Maxwell's  law  or  one  of 

'See  the  first  few  pages  of  a  paper  on  "The  Kinetic  Theory  of  Gas,"  by  the 
present  writer,  in  the  Proceedings  of  the  Royal  Dublin  Society  for  June  26,  1S95,  or  in 
the  Philosophical  Magazine  for  October  1895. 
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the  others  —  and  h  is  the  function  which  represents  the  devia- 
tion of  the  actual  from  the  comj)uted  distribution. 

Now  TT  is  assumed  by  Maxwell  to  be  a  function  of  v  only, 
and  similar  assumptions  are  made  with  reference  to  the  other 
laws  ;  from  which  it  follows  that  h  must  be  a  very  complex  func- 
tion of  many  variables  —  v,  ?i,  n' ,  6,  r,  etc.,  where  v  is  the  speed, 
n  the  number  of  molecules  in  AV,  11'  the  number  of  encounters 
which  each  molecule  meets  with  in  the  time  A/,  Q  the  average 
duration  of  a  free  path,  t  the  a\'erage  duration  of  an  encounter, 
and  where  etc.  stands  for  other  variables  depending  on  whether 
the  encounters  are  between  molecules  of  the  same  or  of  different 
gases,  and  on  the  events  which  happen  during  encounters  — 
v^hich  in  turn  depend  on  the  kind  of  gas  or  gases,  and  on  the 
electro-magnetic  waves  or  other  electrical  agencies  operating 
through  the  ether.  It  is  essential  that  those  variables  shall 
be  included  which  when  suitably  combined  will  furnish  its  func- 
tion S  whatever  is  the  proper  mathematical  exjjression  of  the 
cumulative  effect  which  arises  when  opportunity  offers.  Cumula- 
tive effects  are  partly  a  consequence  of  the  influence  which  the 
velocities  exercise  over  all  their  successors,  and  partly  due  to 
the  varying  foreign  agencies  which  also  intervene.  Whenever 
the  manv  factors  more  or  less  coalesce,  then  there  emerges  a 
more  or  less  cumulative  effect.  Now  we  can  conceive  this  to  be 
expressed  mathematically  in  function  h,  although  nothing  that 
any  mathematician  could  write  down  would  at  all  adequately 
represent  it.  In  such  cases  we  must  have  recourse  to  experi- 
ment or  observation  to  discover  what,  at  any  given  time,  is  the 
actual  outcome  of  function  h.  Moreover,  this  function  8  is  not 
fixed  :  it  fluctuates,  and  has  had  a  very  different  value  at  some 
times  from  what  it  has  had  at  others.  In  the  present  state  of  the 
Earth  it  is  larger  in  sunshine  than  in  shade  ;  perhaps  markedly 
different  during  a  thunderstorm  or  when  there  is  an  auroral  dis- 
play from  what  it  is  at  other  times  ;  probably  sensitive  to  all  the 
influences  which  cause  upheavals  of  molecules  into  stratum  Y^ ; 
and  so  on. 

'See  paragraph  12,  p.  364 
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When  the  events  whose  distribution  is  being  studied  are  so 
much  alike  as  they  are  in  the  problems  spoken  of  in  paragraph 
(3),  function  h  is  little  more  than  a  mere  function  of  V  and  N, 
and  one  which  dwindles  away  in  value  according  as  N  increases; 
but  where  the  events  whose  distribution  is  sought  are  due  to  com- 
plex, differing,  and  fluctuating  causes,  function  8  may  hold  a 
much  more  conspicuous  position  in  its  relation  to  function  tt,  and 
one  which  is  likely  to  become  predominant  for  certain  values  of 
V,  especially  at  certain  times. 

10.  The  general  lesson  which  we  learn  from  this  way  of  pre- 
senting the  subject  is  that  probability  laws,  such  as  Maxwell's, 
when  applied  to  the  distribution  of  molecular  speeds,  may  be 
useful  guides  in  reference  to  those  values  of  v,  which  correspond 
to  large  values  of  tt;  but  should  not  be  trusted,  even  in  the  lower 
strata  of  the  atmosphere,  in  reference  to  the  values  of  v  which 
assign  small  values  to  tt.  Now  it  is  only  with  these  very  values 
of  V  that  we  are  concerned  when  studying  the  possibility  of  the 
escape  of  gas  from  an  atmosphere. 

1 1.  At  the  bottom  of  the  atmosphere,  where  hV\s  a  volume  of 
air  surrounded  by  air  at  almost  exactly  the  same  temperature 
and  pressure,  there  is  practically  no  chance  that  an  irregularly 
moving  molecule  can  avoid  that  torrent  of  subsequent  encounters 
which  is  what  in  the  air  about  us  tones  down  and  as  it  were 
swamps  all  irregularities,  and  brings  about  such  an  approach 
towards  a  general  conformity  with  Maxwell's  law  as  is  possible; 
but  the  essentially  different  environment  in  which  a  molecule 
finds  itself  in  the  upper  reaches  of  the  atmosphere,  provide  it  with 
new  opportunities,  to  the  study  of  which  we  have  now  to  invite 
attention. 

MOLECUL.\R      MOVEMENTS      IN      THE  UPPER      STRATA      OF      THE 
ATMOSPHERE. 

12.  Defi?iitions. — It  is  convenient  to  picture  the  atmosphere 
as  consisting  of  26  strata  distinguished  from  one  another  by  the 
letters  of  the  alphabet,  A  being  the  stratum  at  the  bottom  in 
which  we  live  and  Z  being  the  stratum  at  the  top. 
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When  vvc  describe  a  molecule  which  has  left  the  Earth  as 
having  escaped  from  a  specified  stratum,  what  is  to  be  understood 
is  that  it  was  within  that  stratum  that  the  molecule  met  with  its 
last  gaseous  encounter,  whereupon  it  ceased  to  be  a  molecule  of 
gas,  and  started  on  its  new  career  as  a  body  traveling  by  itself 
through  space. 

13.  Now  it  is  manifest  that  the  escape  of  gas  from  an  atmos- 
phere can  only  take  effect  from  its  upper  regions,  since  a  mole- 
cule situated  low  down  has  no  appreciable  chance  of  making  its 
way  outwards  without  meeting  with  encounters  on  the  way.  In 
fact  it  will  presently  appear  that  we  can  definitely  locate  the 
escape  as  coming  exclusively  from  three  strata  which  we  shall 
call  the  ultimate  stratum  of  the  atmosphere  Z ;  next  to  it  the  penul- 
timate stratum  Y ;  and  farther  down  the  ante-penultimate  stratum 
X.  Beneath  these  come  the  other  strata  of  the  atmosphere,  from 
A  to  W,  from  none  of  which  has  a  gaseous  molecule  any  prospect 
of  being  able  to  make  its  way  outwards  without  encountering 
some  other  molecule. 

14.  Dcfiyiitions  of  these  three  strata.  —  Stratum  Z,  at  the  bound- 
ary of  the  atmosphere,  is  characterized  by  an  almost  total  absejice  of 
gaseous  encounters  within  it.  The  molecules  that  tenant  it  have 
been  thrown  up  from  below,  and  are  so  separate  that  they 
scarcely  ever  come  across  one  another  while  within  that  stratum. 
Most  of  them  describe  elliptic  trajectories  relatively  to  the  Earth, 
and  fall  back  into  the  penultimate  stratum:  if  any  have  risen  into 
it  in  hyperbolic  trajectories  these  leave  the  Earth  altogether:  so 
may  some  that  rise  into  it  in  elliptic  trajectories  if  they  are  sufifi- 
ciently  long  to  carry  the  molecule  within  the  perturbating  influ- 
ences of  the  Sun  or  Moon. 

Next  under  stratum  Z  comes  the  penultimate  stratum  Y 
throughout  which  encounters  do  take  place,  and  which  is  char- 
acterized by  the  circumstance  that  the  fiiolecules  ivhich  occupy  it 
are  all  zvithin  effectual  striking  distafice  of  stratum  Z  and  of  the 
space  beyond.  By  the  molecule's  being  within  effectual  striking 
distance  of  the  ultimate  stratum  and  of  the  void  beyond,  is  meant 
that  if  a  molecule  after  an  encounter  anywhere  within  stratum  F, 
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finds  itself  traveling  with  suitable  velocity  as  regards  speed  and 
direction,  it  has,  in  the  upper  ranges  of  stratum  Fa  great,  in  its 
middle  region  a  moderate,  and  in  its  lowest  portion  an  ap])re- 
ciable  chance  of  escaping  outwards  witJioiit  meeting  with  any  fur- 
ther encounter  within  stratum   }'. 

The  rest  of  that  part  of  the  atmosphere  from  which  molecules 
sometimes  escape  lies  farther  down  than  the  j)cnultimatc  stratum, 
and  may  be  called  the  ante-penultimate  stratum  X.  Molecules 
after  an  encounter  within  this  stratum,  whatever  their  speed  and 
direction,  have  but  a  slender  prospect  of  avoiding  further  encoun- 
ters ;  but  as  this  does  sometimes  happen,  though  not  often,  stratum 
A^  must  be  included  among  those  from  which  the  escape  of  gas 
is  possible. 

15.  These  three  strata  are  all  of  great  depth,  by  reason  of  the 
attenuation  of  the  air  at  great  altitudes  :  they  also  obviously  pass 
insensibly  into  one  another,  but  mav  nevertheless  be  as  distinct 
in  the  atmosj^here  as  are  the  chin,  the  cheek,  the  temple  and  the 
forehead  of  the  human  countenance,  which  like  them  have  no 
definite  lines  of  demarcation. 

16.  Now  it  is  apparent  from  the  definitions  of  these  strata, 
that  nearly  the  zuJiole  of  the  actual  escape  of  gas  from  the  Earth 
consists  of  molecules  which  met  with  their  last  encounter  within 
the  penultimate  stratum.  An  altogether  trifling  proportion  have 
eiuanated  from  the  adjoining  strata  above  and  below  —  few  from 
the  ultimate  stratum  because  there  are  few  encounters  there,  and 
few  from  the  ante-penultimate  stratum  because  few  molecules 
that  have  encountered  within  this  stratum  can  escape  a  sub- 
sequent encounter;  and  practically  none  come  directly  from 
any  of  the  strata  that  lie  farther  down.  Accordingly  what  we 
have  to  do  is  to  consider  what  velocities  may  arise  within  the 
penultimate  stratum.  In  doing  this  we  shall  have  to  bear  in 
mind  that  a  molecule  within  that  stratum  moving  swiftlv  out- 
ward is  traveling  toward  regions  where  there  are  fewer  and  fewer 
encounters,  so  much  so  that  it  may  get  off  without  meeting  with 
any  encounter;  while  a  molecule  within  the  stratum  that  is  trav- 
eling swiftly  inward  is  plunging  into  regions  where  encounters 
are  inevitable. 
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17.  It  would  be  rash  to  guess  how  many  miles  deep  this 
j)enultimate  stratum  is,  though  we  can  see  that  it  is  of  great 
depth.  And  if  we  make  A/  4  or  5  seconds,  which  is  a  reasona- 
ble \'alue  to  assign  to  it  in  view  of  the  time  which  a  molecule 
with  the  requisite  speed  would  take  to  esca])e,  the  correspond- 
ing A  V,  in  order  to  provide  a  suf^cient  number  of  free  jjaths 
during  the  time  A/,  of  the  molecules  that  at  the  beginning  of 
that  time  were  within  the  sj)ace  A  F,  may  on  a  probable  hypothe- 
sis be  a  cube  of  some  10  or  20  kilometers,  /'.  c,  a  cube  of  from 
6]4,  to  I2y^  miles.  This  then  may  be  taken  as  about  the 
smallest  volume  within  which  any  law  can  be  recognized  gov- 
erning the  distribution  of  the  speeds  that  occur  within  it,  in 
periods  of  time  as  short  as  A/.  And  that  law,  if  we  could  dis- 
cover it,  would  doubtless  be  tittcrly  ji?ilike  Maxzvells  laiv  or  either 
of  its  successors.  It  would  be  a  resultant  of  distinct  laws 
belonging  to  the  different  directions,  in  which  the  behavior  of 
molecules  traveling  outward  is  discriminated  from  the  behavior 
of  molecules  traveling  inward,  and  in  which  a  due  allowance  has 
been  made  for  the  circumstance  that  the  molecules  of  the  lighter 
gases  whenever  a  suf^cient  speed  is  engendered  in  them,  are 
likely,  if  the  direction  of  their  flight  is  outward,  to  place  them- 
selves beyond  the  reach  of  all  subsequent  encounters ;  thus 
destroying  in  their  case  the  machinery  which  lower  down  in  the 
atmosphere  brings  about  a  partial  conformity  to  such  a  law  as 
Maxwell's. 

18.  Another  and  very  important  factor  which  would  need  to 
be  taken  into  account  in  determining  the  distribution  of  speeds  at 
great  elevations  in  the  atmosphere,  is  that  the  molecules  in 
those  regions  are  exposed  to  the  full  glare  of  a  sunshine  which 
is  not  moderated  by  having  passed  through  the  Earth's  atmos- 
phere, and  that  whatever  internal  activity  is  thereby  excited 
within  the  molecules  during  their  comparatively  long  flights,  will 
on  their  next  encounter  contribute  energy  towards  the  speed 
with  which  the  two  colliding  molecules  will  fling  asunder.  How 
much  energy  may  be  introduced  in  this  way  is  revealed  to  us  by 
the    intensely    dark    terrestrial    lines    of    oxygen    in    the    solar 
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spectrum,  and  by  the  very  remarkable  fact  that  all  radiations  from 
the  Sun  of  wave  lengths  less  than  0.3  of  a  micron,  are  com- 
pletely taken  up  and  intercepted  by  the  upper  portions  of  our 
atmosphere,  so  that  none  of  them  reach  its  lower  strata.  It  is 
also  brought  home  to  us  by  the  hydrochloric  experiment  cited 
above  in  paragraph  5,  where  unusual  events  become  much  more 
numerous  in  direct  sunshine. 

19.  In  view  of  all  these  facts  the  present  writer  came  to  the 
conclusion  more  than  thirty  years  ago  {a)  that  //  is  a  mistake  to 
suppose  that  Maxwells  law  governs  the  distribution  of  speeds 
in  that  upper  portion  of  the  atmosphere  from  which  alone  mole- 
cules escape  ;  and  {b^  that  the  true  law  of  distribution,  whatever 
it  is,  has  but  a  partial  connection  with  the  rate  of  outflow  ( i )  on 
account  of  the  size  which  has  to  be  attributed  to  AF,  (2)  on 
account  of  the  very  different  behavior  of  outflowing  and  inflow- 
ing molecules,  (3)  on  account  of  the  magnitude  and  fluctuating 
character  of  the  deviation  function  8,  described  in  j)aragraph  9^ 
and  (4)  on  account  of  the  opportunity  which  haj^pens  now  and 
then  to  each  molecule  of  the  lighter  gases,  of  withdrawing  from 
those  subsequent  encounters  which  would  keep  it  within  the  juris- 
diction of  the  law. 

20.  My  first  attempt  was  to  try  whether  the  rate  of  escape 
can  be  determined  by  the  help  of  a  law  of  the  same  kind  as 
Maxwell's,  in  which  the  vectors  as  well  as  the  scalar  values  of  the 
velocities  were  taken  into  account.  But  this,  too,  proving  to  be 
insufficient,  I  turned  to  the  a  posteriori  method  of  investigation, 
and  sought  to  gain  some  insight  into  what  the  outflow  has  actu- 
ally been,  by  studying  its  effects.  The  observations  principally 
made  use  of  are 

1.  That  the  Moon  is  now  without  an  atmosphere  ; 

2.  That  the  Earth  has  been  able  to  retain  the  vapor  of  water 
in  its  atmosphere  ; 

both  of  which  are  data  that  may  be  depended  upon. 

21.  It  would  be  very  satisfactory  if  we  could  also  investi- 
gate the  problem  in  the  more  a  priori  way  that  has  been 
attempted    by   Messrs.   Cook   and   Bryan  ;  but    for   the  reasons 
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stated  above  this  seems  to  the  present  writer  to  be  quite  beyond 
the  reach  of  the  Molecular  Physics  we  as  yet  know. 

APPENDIX. 

ON    THE    BEHAVIOR    OF    HELIUM    IN    THE    EARTH's    ATMOSPHERE. 

The  questions  whether  helium  in  former  times  escaped  from 
the  Earth,  and  whether  it  is  still  escaping,  have  a  double  inter- 
est—  they  are  of  interest  in  themselves,  and  of  interest  because 
they  seem  to  answer  the  further  question  whether  we  are  to 
attribute  the  polar  snows  of  JlLrrs  to  water  or  to  carbon  dioxide. 

The  attempts  hitherto  made  to  obtain  a  priori  answers  to 
questions  of  this  kind  from  the  kinetic  theory  of  gas,  have,  as 
appears  from  the  discussion  of  them  in  the  preceding  pages, 
afforded  no  real  light.  They  have  in  fact  had  to  be  deductions 
from  illegitimate  premises,  based  upon  the  assumption  that  the 
events  as  they  occur  in  nature  are  far  simpler  than  they  really 
are.  Nor  does  a  valid  investigation  upon  these  lines  seem  even 
possible;  the  knowledge  we  as  yet  possess  of  molecular  physics 
is  too  fragmentary  and  defective  to  deal  adequately  with  the 
problem,  and  our  acquaintance  with  the  penultimate  stratum  of 
the  atmosphere,  which  is  the  situation  from  which  almost  the 
whole  of  the  real  escape  takes  place,  is  imperfect. 

It  becomes  then  of  importance  to  proceed  by  the  other  pos- 
sible method,  the  a  posteriori  method,  which  rests  upon  such 
data  as  are  furnished  by  experiments,  i.  e.,  by  observation  of  the 
actual  conditions  under  which  helium  exists  upon  the  Earth. 
The  facts  brought  to  our  knowledge  in  this  way  appear  to  indi- 
cate that  helium  is  still  slowly  escaping  from  the  Earth,  and 
a  fortiori  was  able  to  escape  more  freely  in  earlier  cosmical  ages. 
The  data  upon  which  this  conclusion  rests  are  now  fuller  and 
more  definitely  known  than  they  were  when  the  present  writer 
ventured,  some  years  ago,  to  put  forward  the  view  as  probable. 
They  seem  to  change  what  was  then  probability  into  what  is 
now  almost  certainty.  These  more  precise  data  have  been  gener- 
ously furnished  to  me  by  my  friend,  Professor  Ramsay,  and  are 
as  follows  : 
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1.  The  proportion  by  volume  of  argon  in  dry  atmospheric 
air  is  about  i  per  cent,  of  the  whole;  the  volume  of  neon  (to 
which  the  present  notes  will  not  further  refer)  may  be  taken  as 
about  a  thousandth  part  of  the  volume  of  argon,  and  the  volume 
of  helium  as  about  -^V  to  ^^  of  the  volume  of  neon.  Accordingly 
the  volume  of  helium  in  dry  air  is  something  like  from  xoIott  to 
STT^ffTT  of  the  volume  of  argon. 

2.  Both  argon  and  helium  are  supplied  to  the  atmos[jhere  by 
hot  springs;  argon  generally  by  all  hot  springs  which  contain 
atmospheric  gases,  and  helium  by  some  of  them. 

3.  The  argon  in  such  springs,  like  the  oxygen  and  nitrogen, 
may  be  simply  gas  which  had  previously  been  removed  from  the 
atmosphere  by  water.  A  liter  of  water  under  ordinary  conditions 
will  absorb  : 

about  45  cc  of  the  oxygen  of  the  air  in  contact  with  it, 
about  15CC  of  its  nitrogen, 
about  40 cc  of  its  argon,' 
about  14CC  of  its  helium.'    \ 
Hence  in  rain  we  should  expect  to  find  the  following  proportions 
preserved  : 

20.9 
100 

78-1 
100 


X  4-5  of  0^ 

X  1.5  of  N^ 


X  4  of  ^ 


and  from 

''- X  1.4 

1,000,000 

to 

X  ^-4 

-   of  ^^ 


2,000,000 

So  far  as  oxygen,  nitrogen,  and  argon  are  concerned,  these  pro- 
portions are  sufficiently  nearly  those  in  which  the  gases  are 
jjresent  in  the  springs  referred  to.     But  in  those  springs  in  which 

'  For  the  determinations  made  by  Herr  Estreicher  in  Professor  Ramsay's  labora- 
tory, see  Zeitschrift  fiir  physikalische  Chemie,  31,  148,  1899. 
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helium  ;ilso  has  been  detected  it  seems  to  be  present  in  quanti- 
ties about  y\,  of  the  argon  —  that  is,  in  a  quantity  which  is  nearly 
from  3000  to  6000  times  more  than  is  consistent  with  its  having 
been  derived  from  the  atmosjjhere. 

4.  This  great  excess  of  helium  in  some  springs  has  doubtless 
a  mineral  origin,  some  minerals,  chiefly  uranium  compounds, 
containing  much  helium,  which  they  give  up  when  heated.  On 
the  other  hand  there  does  not  appear  to  be  any  comparable 
mineral  source  of  argon. 

5.  Hence,  on  the  whole,  the  argon  which  is  being  supplied 
to  the  atmosphere  by  hot  springs  seems  to  be  argon  which  had 
previously  been  withdrawn  from  the  atmosphere,  and  which  is 
being  restored  to  it.  Whereas,  in  contrast  to  this,  there  seems 
to  be  a  continuous  transfer  of  additional  helium  from  the  solid 
earth  to  the  atmosphere  always  going  on. 

Thus  the  facts  seem  to  indicate  with  some  emphasis  : 

1.  That  the  excessively  small  quantity  of  helium  in  the  atmos- 
phere is  helium  on  its  way  outward. 

2.  That  it  would  have  become  a  larger  constituent  of  the 
atmosphere  by  reason  of  the  influx  from  below  if  there  had  been 
no  simultaneous  outflow  from  above. 

3.  That  the  rate  of  this  outflow  is  presumably  equal  to  the 
rate  of  supply ;  and  therefore  such  as  would  suffice,  in  a  few 
thousand,^  or  at  least  in   a  few  million  years,  to  drain  away  the 

'  The  total  quantity  of  helium  in  the  Earth's  atmosphere,  according  to  Professor 
Ramsay's  determination  of  its  percentage  in  air  at  the  bottom  of  the  atmosphere, 
would,  if  reduced  to  standard  temperature  and  pressure,  nearly  occupy  something 
between  a  cube  of  ten  miles  and  a  volume  half  that  size.  The  actual  volume 
is,  in  fact,  a  little  less  than  this,  inasmuch  as  the  computation  has  been  made 
without  taking  into  account  that  part  of  the  reduction  of  density  of  the  helium  as 
it  ascends  through  the  atmosphere,  which  is  caused  by  its  being  able  to  escape  from 
the  top. 

Now,  so  far  as  can  be  judged  from  the  observations  upon  such  hot  springs  as 
have  been  examined,  it  seems  likely  that  the  rate  at  which  helium  is  at  present  being 
filtered  from  the  Earth  into  the  atmosphere  is  such  as  would  fill  a  cube  of  ten  miles 
with  helium  at  standard  temperature  and  pressure  in  something  like  one  or  two  thou- 
sand years,  or  perhaps  in  a  less  time.  Hence  the  time  which  the  helium  at  present  in 
the  atmosphere  would  take  to  escape  if  the  supply  from  below  were  cut  off,  may  be 
taken  to  be  a  period  of  this  order  of  magnitude. 
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stock  of  helium  in  the  atmosphere  if  the  source  of  supply  from 
below  could  be  cut  off. 

Hence  the  evidence  goes  to  show  (i)  that  argon  is  not  able 
to  escape  from  the  Earth  ;  (2)  that  helium  is  escaping  from  the 
Earth,  and  consequently  that  water  can  probably  escape  from 
JlL?rs' and  that  the  polar  snows  of  that  planet  are  presumably 
carbon  dioxide. 

London,  April  1900. 


ON  THE  PROGRESS  MADE  IN  THE  LAST  DECADE  IN 
THE  DP:TERMINATI0N  of  STELLAR  MOTIONS 
IN  THE  LINE  OF  SIGHT. 

By  H.  C.  Voce  I.. 

After  the  early  attemj)ts  at  the  determination  of  the  com- 
ponent in  the  line  of  sight  of  the  motion  of  the  stars  by  means 
of  the  spectroscope,  which  were  made  in  1868  by  Huggins,  in 
London,  and  in  1871  by  myself  at  Bothkamp,  on  a  few  stars, 
extensive  observations  of  this  kind  were  conducted  at  the  Obser- 
vatory at  Greenwich,  extending  over  a  period  of  thirteen  years. 
The  great  persistence  exhibited  by  Maunder  in  these  observa- 
tions, which  were  placed  in  his  charge,  is  worthy  of  the  more 
recognition  in  view  of  the  slight  interest  which  astronomers 
then  generally  had  in  the  physical  side  of  astronomy,  and  espe- 
cially in  view  of  their  skeptical  attitude  toward  the  applica- 
tion of  the  spectroscope  for  determinations  of  motion.  There 
was,  indeed,  some  basis  for  this,  inasmuch  as  a  contention  had 
arisen  among  the  physicists  as  to  whether  the  so-called  Dop- 
pler's  principle,  which  was  recognized  as  experimentally  correct 
for  sound  waves,  and  which  also  permitted  an  easy  theoretical 
explanation,  could  be  justifiably  transferred  directly  to  light 
waves.  The  striking  proofs'  of  the  admissibility  of  extending 
Doppler's  principle  to  moving  sources  of  light,  furnished  by  the 
astrophysicists  in  the  course  of  time,  gradually  silenced  their 
opponents,  foremost  among  whom  were  Van  der  Willigen  and 
Spee.  We  must  not  omit  to  mention,  however,  that  an  exhaust- 
ive theoretical  treatment  and  explanation  of  the  problem  has 
not  been  given  even  up  to  the  present  time. 

The  protracted  Greenwich  observations  of  the  stellar  motions, 
which  included  forty-eight  of  the  brightest  stars,  have  demon- 
strated  that  direct  observations  with  medium  sized  instruments 

'  I  would  refer  to  the  introduction  to  Part  I  of  Vol.  VII  of  the  Publications  of  the 
Potsdam  Observatory,  as  well  as  to  Duner's  Recherches  siir  la  Rotation  du  SoUil, 
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cannot  furnish  results  whose  uncertainty  is  of  a  less  order  than 
the  average  motion  of  the  stars  themselves.  When  the  dispersion 
is  just  sufficient  to  permit  the  definite  recognition  of  the  dis- 
placement, which  at  most  is  slight,  the  intensity  of  the  spec- 
trum of  even  the  brightest  stars  in  a  medium  sized  instrument  is 
too  low  to  permit  even  a  tolerably  accurate  measurement.  A 
further  reason  for  the  small  success  doubtless  lay  in  the  unsuita- 
bilitv  of  the  apparatus,  which  was  especially  lacking  in  stability. 

When  I  made  the  first  attempt  in  1887,  with  the  assistance 
of  Professor  Scheiner,  to  record  photographically  the  displace- 
ments of  the  lines  in  stellar  spectra,  and  then  to  measure  them 
as  accurately  as  possible  on  the  spectrograms,  it  very  soon 
appeared  that  this  constituted  a  very  marked  advance  in  the 
determination  of  these  motions,  which  are  so  significant  in  stellar 
astronomy.  The  accuracy  of  the  observations  was  increased 
more  than  eightfold  with  the  apparatus  constructed  in  1888; 
the  probable  error,  which  in  the  Greenwich  observations  aver- 
aged ±22  km  for  an  evening,  being  brought  down  in  the  Pots- 
dam observations  to  an  average  of  ±  2.6  km.  We  may  therefore 
fairly  say  that  the  determination  of  motions  in  the  line  of  sight 
thus  first  received  a  substantial  basis  in  the  spectrographic 
method,  and  thereby  the  widest  prospects  were  opened  for  a 
period  of  new  investigations  and  discoveries. 

This  success  is  doubtless  due  in  the  first  instance  to  the 
application  of  photography;  but  we  must  not  leave  out  of  con- 
sideration that  it  is  also  in  part  due  to  the  fact  that  a  complete 
departure  from  previous  principles  was  made  in  the  construction 
of  the  apparatus,  and  an  instrument  was  completed  exclusively 
for  this  definite  purpose,  possessing  the  greatest  possible  stabil- 
itv.  While  spectroscopes  are  even  yet  constructed  so  that  they 
can  serve  for  many  purposes, — permitting  variations  in  the  dis- 
persion, and  allowing  measurements  to  be  made  in  the  most 
widely  separated  parts  of  the  spectrum, —  the  Potsdam  instrument 
photographs  onlv  a  small  portion  of  the  spectrum  in  the  neigh- 
borhood of  the  hvdrogen  line  7/7.  Its  dispersion  was  so  chosen 
that    with    sufficient    sharpness    of    the    spectrum    a    difference 
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between  the  scttin<^  on  a  line  of  the  star  s])ectrum  and  one  of  tlie 
comparison  spectrum  could  be  determined  under  the  measuring 
machine  with  an  accuracy  corresponding  to  a  motion  of  but  a 
few  kilometers.  Where  the  spectrum  of  the  star  permitted,  it 
was  further  arranged  so  that  not  only  the  position  of  a  single 
line  in  the  stellar  sj)ectrum  was  referred  to  that  of  a  correspond- 
ing line  in  the  com[)arison  spectrum,  but  several  lines  were 
employed  for  the  determination  of  the  displacement.  The 
accurate  identification  of  the  lines  in  the  star  spectrum  was  also 
attempted  during  the  measurement  by  direct  comparison  with 
a  plate  of  the  solar  s[)ectrum. 

I  can  restrict  myself  to  these  general  statements,  since  the 
apparatus,  as  well  as  the  methods  of  measuring  the  plates  and 
reducing  the  observations,  are  sufTficiently  well  known  from  the 
full  descriptions  given  in  Part  I  of  Volume  VII  of  the  Publica- 
tions of  the  Astrophysical  Observatory.  But  I  desire  to  add 
something  for  the  accurate  description  of  the  state  of  this  branch 
of  science  at  the  conclusion  of  our  series  of  observations  at  the 
beginning  of  the  decade  just  past,  and  I  also  cannot  withhold  a 
critique  of  our  observations  from  the  standpoint  gained  by 
wider  experience. 

I  would  first  point  out  that  several  of  the  precautions  taken 
in  the  observations,  which  might  appear  as  carried  too  far,  were 
conditioned  by  an  unsuitable  telescope.  The  Potsdam  11 -inch 
refractor  is  of  very  light  construction,  and  has  a  wooden  tube 
which  occasions  a  strong  effect  of  temperature  in  the  alteration 
of  the  focal  length.  Although  the  wooden  tube  is  conical,  it 
has  a  very  appreciable  flexure. 

In  consequence  of  the  slight  stability  of  the  telescope,  an 
arrangement  had  to  be  thought  out  for  bringing  the  star 
accurately  upon  the  slit  and  holding  it  there  in  the  proper 
position  during  the  exposure  of  the  photographic  plate.  This 
was  accomplished  by  the  simple  means  of  simultaneously 
observing  with  a  small  telescope  the  image  of  the  slit,  illumi- 
nated by  a  Geissler  tube,  and  the  image  of  the  star,  reflected 
from   the  front  face  of  the  first  prism.      This  method  of  guiding 
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appears  to  have  been  adopted  later  bv  all  observers  who  have 
undertaken  determinations  of  velocities  bv  the  spectrographic 
method. 

It  is  no  longer  indispensable  with  some  of  the  more  recent 
instruments,  as  for  instance  the  great  Potsdam  refractor,  since  a 
guiding  telescope  of  nearly  the  same  focal  length  is  attached  to 
the  telescope  itself. 

Although  it  was  my  endeavor  to  develop  something  entirelv 
new  in  constructing  the  stellar  spectrograph  in  1888,  in  respect 
to  the  prisms  I  was  under  the  influence  of  the  times,  and  chose 
the  compound  prisms  known  as  Rutherfurd's,  which  then  were 
considered  the  most  excellent,  and  in  fact  possessed  the  advan- 
tage of  giving  less  deviation  for  the  same  dispersion,  and  hence 
less  curvature  of  the  spectral  line,  and  which  caused  less  loss  by 
reflection  on  account  of  the  less  oblique  incidence  of  the  rays. 
Extensive  investigations  made  here  at  a  later  time  have  shown 
that  simple  prisms  are  preferable,  and  elsewhere  the  use  of 
prism  systems  has  continually  decreased.  In  observations  with 
the  spectrograph  we  have  had  the  experience  that  strains  occur 
in  the  cemented  prisms  at  temperatures  below  —2'^,  causing  a 
diffuseness  of  the  spectra.  A  consequence  of  the  above 
mentioned  large  flexure  of  the  wooden  tube  of  the  11 -inch 
refractor  may  be  that  in  manv  positions  of  the  telescope  the 
collimator  and  the  prism  are  not  fully  utilized  ;  except  for  a 
slight  loss  of  light,  this  would  have  no  injurious  effect  on  the 
observations  under  conditions  of  good  adjustment,  perfect  sur- 
faces of  the  prisms,  and  complete  homogeneity  of  the  masses  of 
glass  used  for  the  prisms. 

As  above  stated,  however,  tensions  in  the  prisms  and  con- 
sequent departures  from  homogeneitv  in  the  glass  have  shown 
themselves  distinctly  at  low  temperatures,  which  have  caused 
not  only  a  diffuseness  of  the  spectra  and  a  consequent 
diminished  accuracy,  but  also  have  not  been  without  effect  on 
the  displacement  of  the  lines.  Although  this  effect  may  have 
been  exceedingly  slight  in  most  cases,  it  may  neverthless  have 
become   appreciable  in   unusual   positions  of  the  telescope,  such 
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as  occur  for  stars  near  the  pole,  and  possibly  the  large  discrep- 
ancies for  a  few  stars  between  our  observations  and  those  of 
other  observers  may  be  thus  explained.  In  our  observations 
we  have  always  used  the  telescope  in  that  position  only  (east  or 
west)  in  which  the  optical  axis  of  the  collimator  and  telescoj>e 
were  adjusted.  It  was  not  possible  to  determine  subsc(]uently 
the  effect  a  of  lack  of  coincidence  of  the  two  axes  on  the  displace- 
ment of  lines  in  the  spectra;  this,  moreover,  could  hardly  have 
been  determined  at  the  time  of  observation,  since  it  depends  on 
the  changes  of  temperature  in  the  prisms,  and  the  tension 
thereby  occasioned,  as  well  as  upon  the  declination  and  the  hour 
angle.  The  determination  of  the  true  temperature  of  the  prisms 
is  in  general  beset  with  diflficulties,  and  the  determination  of  the 
temperature  of  the  separate  parts  of  the  prisms  is,  therefore, 
hardly  to  be  thought  of.  We  might  infer  that  the  errors  arising 
would  balance  each  other  in  a  great  number  of  observations  made 
under  the  greatest  variety  of  conditions.  It  would,  however, 
probably  be  possible  to  obtain  later  data  as  to  the  errors  depend- 
ent upon  the  position  of  the  spectrograph,  from  a  comparison 
of  the  Potsdam  observations  with  the  results  obtained  by  other 
observers  and  with  other  instruments.'  Such  errors  are  hardly 
to  be  expected  in  the  newer  instruments  with  simple  prisms, 
and  having  greater  stability  of  the  telescope.  We  have  most 
carefully  studied  the  effect  of  the  temperature  on  the  focal 
length  of  the  objective  of  the  refractor  and  upon  the  focal 
'  At  present  I  am  acquainted  with  determinations  of  the  motions  of  onl}'  some- 
thing more  than  half  of  the  objects  observed  in  Potsdam,  made  by  Bdlopolsliv, 
Campbell,  Newall,  and  Lord,  for  the  great  part  of  which  I  am  indebted  to  letters  of 
Messrs.  Bdlopolsky  and  Campbell.  The  comparison  of  these  with  the  Potsdam 
observations  leads  to  the  following  provisional  results.  The  departure  of  the 
Potsdam  results  from  those  of  the  above  observers  averages  ±  2.8  km  for  23  objects 
and  the  comparison  shows  with  some  certainty  that  the  Potsdam  values  on  the  average 
are  1.2  km  too  large  for  stars  of  negative  motion,  and  0.7  km  too  small  for  those  of 
positive  motion.     This  constant  departure  is  more  clearly  pronounced  if  we  consider 

Campbell's  observations  only.    Taking  the  mean  from  19  objects  the  departure  V.  S. 

C.  =  ±  2.7  km ;  the  negative  velocities  were  found  on  the  average  to  be  2.5  km  larger, 
and  the  positive  velocities  1.6  km  smaller  by  Vogel  and  Scheiner  than  by  Campbell. 
If  we  apply  these  average  values  to  the  observations,  the  mean  value  of  the  difference 
V.  S.  —  C.  comes  out  as  ±  2.0  km. 
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IciifTth  of  the  objectives  of  the  collimator  and  camera,  as  well  as 
the  varying  dispersion  of  the  prism  with  the  temperature,  and 
we  have  taken  them  into  account  both  in  the  observations  and 
in  the  reductions  of  the  measures. 

The  hydrogen  spectrum  was  in  nearly  all  cases  used  as  a  com- 
parison spectrum,  though  attempts  were  made  to  use  the  mag- 
nesium line  X  448  MM.  which  possesses  the  advantage  of  being 
verv  sharp  in  some  star  spectra  while  the  7/7  line  is  broad  and 
diffuse;  but  without  success,  since  this  line  is  diffuse  in  the  spark- 
spectrum.  The  iron  spectrum  mav  also  be  used,  and  I  have 
pointed  out  the  advantages  gained  in  the  use  of  this  sjjectrum,  as 
well  as  that  of  other  metallic  substances,  have  described  the 
method  of  observation,  and  ha\e  illustrated  it  by  an  examj)le  — 
the  spectrum  of  Siriiis}  It  would  have  been  better  for  this  })ur- 
pose  to  have  used  the  spectrum  of  a  Cygni  or  of  a  star  of  the 
second  class,  because  the  lines  in  the  spectrum  of  Sirms  are 
exceedingly  fine.  For  SiHus  the  probable  error  of  the  motion 
in  the  line  of  sight  obtained  from  the  difference  bet\yeen  a  single 
line  in  the  star  spectrum  and  a  single  line  in  the  comparison 
sjiectrum  is  ±  1.34  km,  so  by  the  use  of  nine  such  pairs  the  prob- 
able error  of  the  measurements  of  the  plate  would  not  be  more 
than  ±  0.45km. 

The  observations  could  be  made  on  only  forty-seven  of  the 
brighter  stars,  since  the  spectrum  of  a  star  fainter  than  2.3  mag. 
with  an  exposure  of  about  an  hour  did  not  have  sufificient  inten- 
sity to  be  measured  with  accuracy.  With  a  longer  exposure  the 
practically  unavoidable  changes  in  temperature  produced  such  an 
influence  on  the  spectrograph  that  the  accuracy  of  the  observa- 
tion was  impaired.  As  a  guard  against  accidental  errors  it  was 
intended  that  each  star  should  be  observed  on  at  least  two 
nights.  At  the  time  when  these  observations  were  begun,  the 
possibility  that  a  star  might  show  changes  in  its  motion  in  the 
line  of  sight,  in  a  short  time,  had  not  been  thought  of;  yet  out 
of  these  forty-seven  stars  four  had  already  been  found  to  have 
a  periodic  variation  during  the  progress  of  the  work. 

'Sitz.  d.  k.  Acad.  d.  W.  Berlin  28,  533,  1 89 1. 
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The  object  of  this  work  on  the  motion  of  stars  in  the  line  of 
sight,  completed  in  1891,  was  first  to  demonstrate  the  usefulness 
of  the  spectrographic  method  for  instruments  of  medium  size, 
and  further,  by  means  of  a  thorough  and  detailed  description  of 
methods,  to  enable  an  observer  equipped  with  better  instruments 
to  carry  on  observations  of  this  character  ;  and  possibly  to  give 
the  method  still  further  development.  There  was  no  need  of 
our  repeating  these  observations  in  the  next  few  years  with  the 
same  instrument,  while  we  hoped  that  in  the  near  future  we 
should  be  able  to  extend  them  with  more  powerful  optical  means. 
Unfortunately  the  realization  of  this  hope  was  deferred  from 
year  to  year,  and  not  until  the  present  year  did  it  again  become 
possible  for  us  to  carry  on  regular  observations  at  the  Potsdam 
Observatory  —  this  time,  however,  with  instruments  of  the  high- 
est order  of  excellence. 

Now,  while  the  seed  which  we  planted  ten  years  ago  has  not 
hitherto  received  in  Potsdam  the  nourishment  which  we  could 
have  wished,  3'et  I  have  the  pleasure  of  knowing  that  it  has 
found  nourishment  in  other  places,  so  that  it  has  thriven 
greatly,  and  has  already  blossomed  beyond  our  highest  expecta- 
tions. 

In  1890  and  1891  Keeler  made  his  beautiful  observations  on 
the  radial  velocity  of  the  brighter  nebulae,  by  means  of  a  grating 
spectroscope  attached  to  the  great  refractor  of  the  Lick  Obser- 
vatory. Fourteen  nebulae  were  examined  for  motion,  and  the 
■determinations  of  these  motions  are  of  remarkable  accuracv, 
considering  the  great  difificulty  of  the  observations.  The  prob- 
able error  of  the  result  for  each  nebula,  a  result  which  is  the 
mean  of  several  observations,  is  on  the  average  only  ±  3.2  km. 
Of  the  fourteen  nebulae,  nine  have  a  negative  and  five  a  positive 
motion,  referred  to  the  Sun.  The  average  motion  is  27  km  and 
therefore,  if  we  are  justified  in  drawing  a  conclusion  from  so 
small  a  number  of  observations,  is  of  the  same  order  as  that  of 
the  brighter  stars.  The  greatest  velocity  —  65  km  per  second, 
is  that  of  the  well-known  planetary  nebula  G.C.  4373,  H  IV 
'}^'] .     It  exceeds  by  about   10  km  that  of  a  Tatiri,  which  has  the 
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greatest  velocity  of  any  of  the  brighter  stars  of  the  northern 
heavens. 

While  making  these  observations  on  nebulae,  Keeler  deter- 
mined the  radial  velocities  of  a  Bootis,  a  Taiiri,  and  a  Ononis. 
He  found  for  the  velocity  of  a  Bootis,  from  nine  measures  during 
1S90  and  1891,  a  value  of  — 6.8  km  ±:  0.3  km  ;  for  a  Taiiri,  on 
three  evenings,  +55.2  km,  and  for  a  Ononis,  on  two  evenings 
-]-  14.0  km  per  second.  The  probable  error  of  a  single  evening's 
observations,  deduced  from  the  results  for  the  three  stars, 
averages  ±  1. 8  km. 

The  Potsdam  observations  made  from  1888  to  1890  give  for 
these  three  stars  the  values:  — 7.6  ±  0.6  km,  +48.5  km,  and 
-|-  17.2  km.  A  better  agreement,  considering  the  complete  inde- 
pendence and  entirely  different  character  of  the  methods  used 
(Keeler  made  his  measures  on  the  D  lines),  could  hardly  be 
expected.  With  the  Lick  refractor,  which  exceeds  the  Potsdam 
1 1 -inch  refractor  some  eight  times  in  light-gathering  power, 
it  has  therefore  been  possible  to  determine  the  motions  of  the 
brighter  stars,  by  direct  observation,  with  about  the  same  accu- 
racy as  with  the  Potsdam  refractor  by  the  spectrographic  method. 

About  the  end  of  the  year  1891,  the  great  Pulkova  refractor 
of  76  cm  aperture  was  provided  with  a  spectrograph,  built  exactly 
according  to  the  model  of  the  Potsdam  instrument,  and  like  the 
latter  provided  with  two  Rutherfurd  prisms.  The  instrument 
was  so  arranged  that  the  prism  box  could  be  removed,  and 
another,  containing  only  a  single  prism,  substituted  for  it  when 
faint  objects  were  to  be  observed  with  small  dispersion.  Since 
the  refractor  had  been  intended  primarily  for  micrometric  work^ 
and  only  secondarily  for  spectroscopic,  the  telescope  and  observ- 
ing chair  had  been  designed  mainly  with  reference  to  the  con- 
venience of  the  observer  at  the  micrometer.  For  this  reason 
Belopolsky  had  to  contend  with  many  difificulties  before  he  finally 
succeeded,  after  making  a  number  of  considerable  changes  in 
the  telescope  and  the  observing  chair,  in  making  spectrographic 
observations  with  accuracy.  The  very  unsuitable  climate  made 
it  necessary  for  him  to   abandon   his   original   plan  of  observing 
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the  motions  of  the  fainter  stars,  a  i)lan  which  may  be  regarded 
as  an  extension  of  the  Potsdam  observations.  He  therefore 
selected  special  objects  from  among  the  variable  and  double 
stars  for  his  observing  list,  and  made  observations  of  their 
motions. 

Among  his  valuable  researches  should  be  mentioned  his 
investigations  of  S  Cepliei''  in  which  he  demonstrates  the  exist- 
ence of  a  periodical  variation  in  the  velocity  of  this  star  in  the 
line  of  sight,  which  could  be  brought  into  good  agreement 
with  the  period  of  its  light  curve,  ^^  9^.  In  the  case  of  77 
Aqiiilae'^  he  discovered  a  variation  in  the  velocity  which  found 
an  explanation  in  the  period  of  light-variability  of  7*^  4'',  and 
finally  he  found  a  change  in  the  velocity  of  a'  Goninorum^  with  a 
period  of  2^  23^.5.  It  soon  appeared  that  the  line  of  apsides  of 
this  double  star  system  was  in  rapid  revolution,  and  from  careful 
investigation  the  })eriod  of  this  motion  was  found  to  be  4  years 
40  days.^ 

As  the  interesting  double  spectrum  of  the  well-known  varia- 
ble /3  Lyme  was  known,  from  spectrographic  observations,  to 
contain  pairs  of  bright  and  dark  lines,  and  since  changes  in  the 
relative  positions  of  these  lines  had  been  discovered  which  were 
connected  in  some  way  with  the  period  of  variability  of  12''. 9, 
Pickering  attempted  to  calculate  the  orbit  of  this  hypothetical 
double  star  from  measures  of  the  distances  between  the  double 
lines  at  different  phases  of  the  light  period.  He  found  a  relative 
velocity  of  the  components  of  4S2km  per  second,  and  a  diameter 
of  the  orbit,  assuming  it  to  be  circular,  of  85.3  million  km.  I 
have  more  recently  pointed  out  that  the  distance  between  the 
lines,  and  therefore  the  relative  velocity  of  the  components,  has 
been  taken  to  be  too  large,  by  not  taking  into  account  a  proba- 
ble overlapping  of  the  lines  ;  since  the  above  value  leads  to  an 
enormous  mass  (150O)  of  the  system.    Belopolsky  has  published 

'This  Journal,  i,  160.     A.  N'.,  140,  17. 

"^  Mem.  Spettr.  Hal.,  26,  10 1. 

^Bull.  Acad.  St.  Petersbourg,  4,  34I.     This  JOURNAL,  5,  I. 

*  Mem.  Spettr.  Ital.,  26,  loi,  and  28,  103. 
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an  extensive  investig-ation'  of  ^  Lyrac,  based  on  observa- 
tions made  with  the  Pulkova  refactor,  in  which  are  contained 
many  interesting  details  concerning  the  changes  which  take 
place  in  the  j^airs  of  bright  and  dark-  lines  during  the  j)criod  of 
the  star's  variabilit\-.  From  his  measures  of  the  hydrogen  line 
H ^  he  found  an  orbital  velocity  of  89km  per  second,  a  semi- 
axis  of  15  million  km,  and  hence  a  mass  of  the  system  of  the 
same  order  as  that  of  the  Sun. 

In  1894,  while  examining  a  large  mass  of  observations  of  /S 
Lyme  made  with  a  small  single  jjrism  spectrograjjh  attached  to 
the  photographic  refractor  of  the  Potsdam  Observatory,^  I  found 
clearly  a  certain  agreement  between  the  relative  displacement  of 
the  lines  and  the  period  of  light  variability,  but  not  of  the 
simple  character  assumed  bv  Beloposky.  The  variation  in  the 
distance  between  the  bright  and  dark  line  H'C,,  especially,  seemed 
to  correspond  to  a  period  much  longer  than  the  period  of  the 
light  variation,  so  that  a  system  of  two  bodies  was  no  longer 
adequate  to  explain  the  phenomena  observed  in  the  spectrum. 
Now  since  it  has  been  shown  by  Myers  that  the  light  curve  is 
very  satisfactorily  represented  under  the  assumption  of  a  double 
star  system,  we  are  compelled  to  introduce  explanations  which 
depend  upon  jjhcnomcna  of  a  physical  nature. 

Beloj)olsky3  thereupon,  in  1897,  resumed  his  investigations 
and  from  them  there  is  no  doubt  that  we  have  come  nearer  to  a 
decision  as  to  the  nature  of  /3  Lyme.  In  his  measures  he  dis- 
regarded the  bright  lines  altogether,  and  restricted  himself  to 
the  dark  magnesium  line  \  448  /a/u.,  which  has  no  companion 
emission  line,  and  thus  freed  them  from  the  influence  of  a  j^artial 
overlapping.  By  so  doing  he  was  able  to  obtain  results  which 
were  referable  to  the  case  of  a  simple  double  star  without  further 
complication.  He  found  for  the  orbital  velocity  178  km  per 
second,  for  the  semiaxis   of   the  orbit  31.9  million  km,  for  the 

'  Bull.  Acad.  St.  Petersbourg,  N.  S.,  4,  341.  Melanges  matliem.  et  astr.,  Vol.  VII, 
Livr.  3,  1893. 

»5//2.  d.  K.  Akad.  d.  W.  Berlin,  1894,  1 1 5. 

■iMent.  Spettr.  Hal.,  26,  135;  also  Tikhoff,  ibid.,  26,  107. 
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distance  between  the  two  components  47.5  km,  and  for  their 
masses  resj)ectively  9  and  18  times  the  Sun's  mass. 

Belopolsky  has  also  found  variable  motion  in  \  Tauri,  ^ 
Gcmifiorum,  and  6  Ursae  Majoris,^  so  that  his  contribution  to  the 
discovery  of  spectroscopic  binaries  consists  of  seven  objects. 

It  is  of  interest  to  note  here  the  great  velocity  of  — 70  km 
per  second,  referred  to  the  Sun,  which  l^elopolsky  has  found  for 
^  Hcrculis.'^  Campbell, 3  at  the  Lick  Observatory,  has  confirmed 
this  observation  and  obtained  a  value  of  70.3  km,  while  Des- 
landres,"*  at  Paris,  obtained  a  value  about  10 km  smaller.  In  this 
connection  I  may  remark  that  Campbell  has  found  in  77  Cephci  the 
greatest  known  velocity  of  a  star  in  the  line  of  sight  ( — 87  km 
per  second).  This  velocity  would  probably  be  reduced  some- 
what if  we  were  to  take  into  account  the  motion  of  the  solar 
system.  Assuming  the  coordinates  of  the  apex  of  the  Sun's  way 
to  be  a  =  267°  and  8  =:  +  31°  and  the  velocity  of  the  Sun  to  be 
1 7  km  per  second,  we  get  for  the  absolute  component  of  the  veloc- 
ity in  the  direction  of  the  Sun,  — 74  km  per  second  for  r]  Cephci, 
— 54km  for  ^  Herciilis,  and  — 51  km  for  the  nebula  G.C.  4373. 

In  publishing  his  observations  of  ^ Hcrculis,  Deslandres  made 
a  remark  concerning  the  Paris  telescope  of  1.2  meters  aperture, 
to  which  his  spectroscope  was  attached,  from  which  it  appears 
that  the  stability  of  the  telescope  is  hardly  what  it  should  be  for 
such  delicate  investigations  ;  and,  possibly  because  the  mirror  did 
not  unite  perfectly  all  the  rays  on  the  slit,  the  exposure  had  to 
be  made  50  per  cent,  longer  than  with  the  Pulkova  refractor, 
under  presumabh-  less  favorable  atmospheric  conditions.  In 
these  unsuitable  conditions  may  also  be  found  the  reason  why  so 
few  observations  of  stellar  motion  by  Deslandres  have  been 
made  known.  He  has  published  beautiful  threefold  enlarge- 
ments of  the  original  spectrograms  ^  of  the  four  stars  a  Anrigae, 
/3  Aicrigac,    a   Canis  Majoris,    and  7  Pegasi,  which  are    specially 

^  A.  N.,  145,  281  ;  also  149,  239,  and  151,  39. 

^  A.  and  A.,  Feb.  1S94.     A.  N.,  133,  257. 

3  This  Journal,  8,  157.  *  C.  R.,  119,  1252. 

^Specimens  de  Photogr.  astronomiqiies.  Obs.  de  Paris,  1897. 
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remarkable  for  the  great  length  of  spectrum  which  his  ap]:)aratus 
is  capable  of  defining  sharply.  With  the  exception  of  a  series  of 
observations  of  a  Aquilae,  nothing  further  is  known  to  me  of  work 
on  the  motions  of  stars  at  the  Paris  Observatory. 

At  the  suggestion  of  Poincare  of  Paris,  Deslandres  has,  on  the 
other  hand,  made  spectrographic  researches  on  the  motion  of 
the  planets,  and  on  the  rotation  of  Jtipitcr,^  which  are  of  impor- 
tance. The  investigations  showed,  in  accordance  with  Poincare's 
assumi)tions,  that  in  the  case  of  a  body  which  shines  by  diffuse 
reflected  light,  the  displacement  of  lines  in  its  spectrum  depends 
not  only  on  the  motion  of  the  body  with  reference  to  the 
observer,  but  also  on  the  motion  of  the  body  with  reference  to 
the  source  of  light  by  which  it  is  illuminated.^  The  observations 
on  the  rotation  of  Jupiter  have  been  repeated  and  confirmed  by 
Belopolsky. 

The  beautiful  results  which  Keeler  obtained  by  the  spectro- 
graphic method  at  the  Allegheny  Observatory  on  the  rotation 
of  the  ring  system  of  Saturn,  should  be  mentioned  in  this  con- 
nection. By  these  observations  it  was  shown  that  Saturn's  rings 
consist  of  separate  small  bodies  which  revolve  about  Saturn  in 
obedience  to  Kepler's  laws,  and  cannot  be  regarded  as  a  rigid 
body,  thus  furnishing  a  practical  confirmation  of  the  conditions 
demanded  bv  theory. ^  These  interesting  observations  have  been 
repeated  by  Campbell,  Belopolsky,  and  Deslandres. 

The  first  attempts  to  prove  the  truth  of  Doppler's  principle, 
by  showing  that  there  is  a  displacement  of  the  lines  in  the  spec- 
trum of  the  edge  of  the  Sun  near  the  equator  which  corresponds 
to  the  known  equatorial  velocity  obtained  from  observations  of 
Sun-spots,   were   made   by   me   twenty-nine   years    ago.      In    the 

'C.  R.,  120,  417.  ''A.  N.,  139,  241. 

3  Keeler  used  in  these  observations  a  spectrograph  composed  of  three  simple  prisms, 
which  produced  a  total  deviation  of  180^".  From  a  few  original  negatives  of  the  solar 
spectrum  and  several  excellent  negatives  of  planetary  spectra,  which  he  kindly  sent 
me,  I  was  able  to  see  that  the  apparatus  is  very  similar  to  the  Potsdam  spectrograph 
of  1888,  both  as  regards  dispersion  and  resolving  power.  The  dispersion  of  Keeler's 
apparatus  is  about  one  twentieth  greater  than  that  of  the  Potsdam  spectrograph,  while 
the  resolution  of  close  lines  is  almost  exactly  the  same  in  both  instruments.  Perhaps 
Keeler's  apparatus  is  slightly  superior  to  the  Potsdam  apparatus  in  this  respect. 
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course  of  time  these  observations  haxe  been  frequently  rejjeated 
with  improved  instruments.  Duner,  in  Lund,  has  undoubtedly 
carried  out  the  most  thorough  investigation  of  the  rotation  of 
the  Sun  in  different  zones,  by  means  of  spectroscopic  methods.' 
He  was  induced  to  make  these  observations  because,  in  the  begin- 
ning of  the  eighties,  the  trustees  of  the  Lars  Hjertas  Minne  endow- 
ment expressed  a  desire  to  have  the  spectroscope  used  for  a 
a  careful  investigation  of  the  question  whether  the  wave-length 
of  light  really  varies  directly  as  the  velocity  of  the  source  of 
of  light,  as  required  by  the  Doppler-Fizeau  principle,  and  had 
expressed  their  willingness  to  grant  sufficient  money  for  a 
suitable  spectroscope. 

To  give  some  idea  of  the  results  of  his  observations,  which 
were  made  during  the  summer  months  of  the  years  1887,  1888, 
and  1889,  I  have  inserted  the  following  table  of  the  means  for 
various  heliocentric  latitudes,  with  their  probable  errors  : 


liocentric 
latitude 

Veloc 

ty  in  km. 

Number  of 
observations 

f  cos<<> 

? 

o?4 

1.98 

d=O.OI3 

107 

14-14 

14-14 

15.0 

1.85 

0.013 

104 

13-19 

13.66 

30.0 

1.58 

0.014 

104 

II  .31 

13.06 

45-0 

I.  19 

0.014 

106 

8.48 

11.99 

60.0 

0.74 

0.012 

107 

5-31 

10.62 

74.8 

0.34 

0.013 

107 

2.45 

9-34 

Shortly  before  the  completion  of  Duner's  researches  there 
appeared  two  extended  investigations  by  Crew^  on  the  same 
subject,  which  led  to  the  result  that  the  absorbing  layer  of  the 
Sun  rotates  with  a  uniform  angular  velocity,  while  Duner's 
observations  cannot  be  harmonized  with  the  assumption  of  a 
constant  angular  velocity,  as  is  shown  by  the  table,  in  which  the 
angular  velocity  (f  and  |  cos  <^)  is  given  in  the  two  last  columns. 
This  is  not  the  place  to  discuss  the  difference  between  the 
results  obtained  by  the  two  observers ;  for  it  was  merely  my 
purpose  to  mention  the   beautiful   observations  which   have  been 

'N.  C.  Duner,  "  Recherches  sur  la  Rotation  du  Soleil,"  Nova  Acta  Reg.  Soc.  Sc. 
Ups.     Series  III. 

'Henry  Crew,  "  On  the  Period  of  the  Rotation  of  the  Sun  as  Determined  by  the 
Spectroscope,"  Am.  Jour.,  35,  151,  and  38,  204. 
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made  in  this  field,  and  to  show  what  great  accuracy  can  be 
given  to  sjiectroscopic  observations  of  motion  when  there  is 
sufficient  lig'ht.  The  observations  of  Duner  agree  very  well 
with  the  law  of  the  rotation  of  the  Sun  derived  from  the  obser- 
vations of  Sun-spots. 

With  regard  to  the  above-mentioned  desire  of  the  trustees  to 
ascertain  whether  the  change  in  the  wave-length  of  light  is  pro- 
portional to  the  velocity  of  the  luminous  source,  Duner's  obser- 
vations have  shown  that,  within  the  errors  of  observation,  the 
simple  form  of  Doppler's  principle  is  valid,  and  the  influence  of 
possible  higher  terms  is  not  recognizable. 

Through  the  generosity  of  Mr.  D.  O.  Mills,  Professor  Holden, 
at  that  time  Director  of  the  Lick  Observatory,  was  able  to  have 
a  spectrograph  constructed  for  the  Observatory  about  the  middle 
of  the  nineties,  to  be  used  exclusively  for  determining  stellar 
motions  in  the  line  of  sight.  In  the  October  1898  number  of 
the  AsTRoPHVSiCAL  Journal  Professor  Campbell  has  given  an 
extended  description  of  this  instrument,  which,  mainly  through 
his  endeavors,  has  become  the  most  noted  instrument  of  its  time. 

Attached  to  the  great  36-inch  refractor  of  the  Lick  Observa- 
torv,  used  under  the  most  excellent  atmospheric  conditions,  and 
in  the  hands  of  a  circumspect  and  careful  observer,  the  "  Mills 
spectrograph  "  has  in  the  last  few  years  achieved  surprising 
results.  The  spectrograms  taken  with  it  possess,  on  the  average,. 
a  sharpness  which  excels  that  of  even  the  best  spectrograms  taken 
with  the  Potsdam  apparatus  of  1888,  and  the  resolving  power 
of  the  instrument  is  much  greater.  Through  the  kindness  of 
Messrs.  Keeler  and  Campbell  I  received  last  year  two  original 
negatives,  one  of  7  Andromedae,  and  the  other  of  r}  Pcgasi; 
so  that  I  was  able  to  thoroughly  assure  myself  of  their  excel- 
lence. They  are  marked  as  being  above  the  average  exellence, 
and  their  measurement  is  a  real  pleasure  ;  yet  even  with  such 
plates  great  care  and  long  experience  are  required  to  obtain  uni- 
formly consistent  results. 

With  spectra  which  contain  many  lines,  and  which  differ  con- 
siderably from  the  solar  spectrum,  the  use  of  a  solar  spectrum  in 
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measuring  the  j^lates  cannot  well  be  avoided.  In  many  spectra,  on 
the  other  hand,  especially  those  with  strong  iron  lines,  the  stellar 
and  comparison  spectra  can  be  compared  directly  by  means  of 
Hartmann's  interpolation  formula.'  The  amount  of  the  shifting 
of  a  known  line  in  the  star  spectrum  can  be  exactly  determined 
even  if  there  is  no  identical  line  in  the  com|)arison  spectrum  ; 
for  instance,  the  lines  of  hydrogen  and  cleveite  gas  can  be  com- 
pared with  iron  lines  in  the  comparison  spectrum. 

On  Campbell's  plates  the  probable  error  of  the  determination 
of  the  distance  between  a  stellar  line  and  the  corresponding 
comparison  line  may  be  taken  as  ±1.2  km,  and  since  from  ten  to 
twenty  measurable  lines  may  easily  be  found  in  the  spectrum 
of  a  star  of  class  II,  the  probable  error  of  the  mean  of  the 
measures  on  a  single  plate  may  be  reduced  to  about  dz  ^km. 
Slight  changes  in  the  instrument  during  the  exposure,  slight  dif- 
ferences in  the  observer's  habit  of  measurement,  minute  distor- 
tions of  the  film,  and  other  unavoidable  sources  of  error  have 
here  to  be  taken  into  account.  They  are  recognizable  in  the 
fact  that  the  probable  error  of  the  final  result,  deduced  from 
the  mean  of  several  plates  of  the  same  object,  is  larger  than  that 
which  the  probable  error  of  a  single  plate,  determined  from  the 
agreement  of  the  different  lines,  would  lead  one  to  expect. 
According  to  Campbell's  observations  of  the  brighter  stars,  the 
probable  error  of  a  single  plate  is  however  somewhat  less  than 
±  I  km.  Campbell's  detailed  description  of  the  Mill's  spectro- 
graph, and  the  opportunity  I  have  had  of  examining  some  of  the 
spectrograms  made  with  it,  have  been  of  great  service  to  me, 
since  the  new  spectrographs  for  the  large  Potsdam,  refractor, 
which  have  been  made  from  my  designs  bv  Toepfer,  of  Potsdam, 
were  just  at  that  time  so  nearly  completed  that  they  could  be 
subjected  to  a  preliminary  test.  The  construction  of  these  two 
spectrographs  was  begun  in  1897.  One  of  them  has  three 
simple  prisms  and  a  total  deviation  of  180^,  while  the  other  has 
only  one  simple  prism.  Dr.  Hartmann,  whom  I  had  commis- 
sioned to  make  the  adjustments  and  tests  of  the  optical  parts  of 

'  Publ.  des  Astropkys.  Obs.  zu  Potsdam,  12,  No.  42. 
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these  spectrographs,  has  devoted  all  his  energies  to  obtaining 
the  highest  degree  of  excellence,'  and  it  is  a  pleasure  to  be  able  to 
say  that  the  new  spectrograph  with  three  prisms  for  the  Potsdam 
So  cm  refractor,  will  not  be  inferior  to  the  Mills  spectrograph. 

At  the  present  time  a  series  of  observations  of  the  radial 
velocities  of  stars  down  to  the  fifth  magnitude  is  being  made  at 
the  Lick  Observatory.  So  far  Professor  Campbell  has  made 
two  or  more  observations  on  about  300  stars,  and  has  found  16 
of  them  to  have  a  variable  velocity,  thus  bringing  the  number  of 
binaries  discovered  by  spectrographic  methods  up  to  28.  I  shall 
merely  give  here  a  list  of  the  spectroscoj)ic  binaries  discovered 
bv  Campbell.^ 

Star  Period 

i\  Pegasi    -  -         -         •     '2%  years 
X  Draconis      -         -         -         g}4  months 

0  Leonis    -  -         -         -      14;^  days 
f  Ge?ninorum  -         -         Unknown 

1  Pegasi    -  -         -         -     Over  10  days 
0  Draconis      -         -         -         Over  9  days 

e  Librae     -         -         -  -     Unknown,  several  months 

/3  Capriconii  -         -         Unknown,  long 

h  Draconis  ...     Undetermined 

X  Andromedae         -         -         About  20  days 

e  Ursa  Minoris  -  -     A  few  weeks 

w  Draconis     ...         Unknown 

a  Ursa  Minoris  -  -     3.9  days  and  a  second  longer  f;eriod. 

a  Aiirigae      -         -         -         2)4  months 

e  Sagittarii        -         -  -     A  few  weeks 

/3  Hercitlis  ^     -         -         -         Unknown,  one  year  ? 

It  is  worthy  of  remark  that  sev'cral  stars  have  a  period  of 
many  months,  and  that  -r)  Pegasi  has  a  period  oi  2}^  years. 
Thus  the  gap  which  formerly  existed  between  the  spectroscopi- 
callv  discovered  and  the  visual  double  stars,  with  respect  to  the 
lengths  of  their  periods  of  revolution,  has  been  filled  up. 

When  we  consider  the  large  number  of  variable  stars  of  the 
Algol  type  which    have  been  discov^ered  photometrically  during 

'  For  particulars  on   this   investigation,  and  the   methods  used  in  testing,  see  Dr. 
Hartmann's  paper  in  this  and  the  next  numbers  of  this  Journal. 
» This  Journal,  8,  g«  10.  ^A.  S.  P.,  12,  39,  1900. 
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the  last  decade,  and  for  which  the  assumption  appears  to  be 
justified  that  their  variation  is  a  consequence  of  duplicity  ;  when 
we  further  consider  that  these  stars  can  be  recotrnized  as 
variable  only  when  the  line  of  siL,rht  makes  an  extremely 
small  angle  with  the  plane  of  the  orbit,  and  that  for  the  sj)ectro- 
scopically  discovered  stars,  also,  this  angle  cannot  be  supposed 
to  be  very  great,  we  cannot  repress  our  astonishment  at  the 
rapidity  with  which  the  number  of  stars  thus  discovered  has 
grown. 

Among  the  double  stars  discovered  at  the  Lick  Observatory, 
Polaris,  which  has  a  double  period  of  motion  in  the  line  of  sight, 
is  of  particular  interest,  since  we  are  here  led  to  infer  the  exist- 
ence of  three  bodies.  The  discovery  of  the  short  period  is  an 
admirable  proof  of  the  excellence  of  the  observations,  since  the 
variation  from  the  mean  velocity  is  only  ±3  km. 

Of  particular  interest,  also,  is  the  discovery  of  the  periodic 
doubling  of  the  lines  in  the  spectrum  of  a  Aiirigae,  which  con- 
sists of  two  superposed  spectra  uniting  at  times  to  form  a  spec- 
trum strongly  resembling  that  of  the  Sun.'  Although  a  Aurigae 
was  frequently  observed  at  Potsdam  during  the  years  1888- 
1 89 1 ,  this  peculiarity  of  its  spectrum  escaped  us,  and  the  explana- 
tion of  the  fact  that  most  of  our  spectrograms  of  a  Aiirigae  are 
ill-defined,  and  the  lines  quite  extraordinarily  broadened,  was 
only  given  later,  by  the  investigations  of  Campbell.  The  days 
on  which  the  spectrograms  obtained  were  good  and  sharp,  are 
those  on  which  the  two  spectra  were  superposed,  and  our  early 
observations  have  now  at  least  given  us  the  means  of  arriving 
at  a  more  accurate  value  of  the  period  ( 104^^.1  ±0''.2).  By 
means    of    observations    with    the    new    Potsdam    refractor   and 

'  From  Campbell's  observations  the  dedaction  can  also  be  made  that  both  stars, 
one  having  a  spectrum  similar  to  the  solar  spectrum,  and  the  other  a  spectrum  con- 
taining the  hydrogen  and  the  stronger  iron  lines,  are  of  nearly  the  same  mass,  since 
their  displacements  from  the  mean  position  are  about  equal.  Assuming  the  period  to 
be  104^.1  and  the  maximum  relative  velocity  to  be  ±30  km,  and  assuming  provision- 
ally that  the  orbit  is  nearly  circular,  with  its  plane  in  the  line  of  sight,  I  have  found, 
for  the  combined  mass  of  the  stars,  tn-\-m^,  =2.30  and  for  their  distance,  85.3  mil- 
lion km. 
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spectrograph,  we  have  been  able  to  confirm  Campbell's  observa- 
tions, both  of  a  Aimgac  and  o  Ursae  Minons} 

When  we  consider  that  researches  on  the  motions  of  stars  in 
the  line  of  sight  have  been  begun  and  are  being  carried  on  with 
good  results  by  Newall,  in  Cambridge,  and  by  Lord,  at  the 
McMillin  Observatory  in  Ohio;  that  in  IMcudon  a  double  refrac- 
tor of  the  same  size  as  the  Potsdam  instrument  has  been  set  up, 
and  provided  with  a  spectrograph,  with  which  Deslandres^  has 
alreadv  succeeded  in  showing  that  3  Orioiiis  is  a  star  with  varia- 
ble velocity;  that  further,  the  largest  instrument  in  the  world, 
Verkes  refractor  at  Williams  Bay,  will  also  be  used  for  this  \)v\x- 
pose,  and  that  Gill,  with  the  double  refractor  of  the  Observatory 
at  the  Cape  of  Good  Hope,  will  extend  the  same  researches  to 
the  southern  heavens,  we  may  confidently  expect  that  our 
knowledge  of  the  stellar  system  to  which  we  belong  will  be 
increased  as  much  in  the  new  century  upon  which  we  are  enter- 
ing, as  our  knowledge  of  the  solar  system  has  been  increased  in 
the  centurv  just  past.  The  energy  with  which  some  of  the 
largest  observatories  in  the  world  are  participating  in  the  work 
is  most  encouraging,  for  the  amount  of  work  to  be  done  has 
grown  most  unexpectedly  during  the  last  decade,  through  the 
discovery  of  so  many  stars  having  a  variable  velocity  in  the  line 
of  sight. 

In  closing  this  review,  I  should  not  wish  to  leave  unmen- 
tioned  the  fact  that  in  one  case  the  application  of  the  Do]:)j)ler- 
Fizeau  principle  can  no  longer  be  regarded  as  valid  ;  I  refer 
to  the  interpretation  of  the  pairs  of  bright  and  dark  lines  which 
are  found  in  the  spectra  of  the  new  stars.  When  this  peculiarity 
of  the  spectra  of  new  stars  was  discovered,  it  was  very  natural 
that  the  relatively  strongly  displaced  emission  and  absorption 
lines  should  be  ascribed  to  the  spectra  of  two  bodies,  whose 
motions  in  the  line  of  sight  were  oppositely  directed.  Corre- 
sponding to  the  great  displacement  of  the  lines,  velocities  were 

'  It  should  be  added  here  that  the  discovery  of  the  duplicity  of  the  lines  of  a 
Aurigae  was  made  independently,  and  almost  simultaneously,  by  Newall,  of  Cam- 
bridge, England. 

»  C.  R.  130,  No.  7. 
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arrived  at  which,  in  comparison  with  the  mean  velocity  of  other 
hea\enlv  boilics  whose  motions  have  been  spectroscopically 
determinetl,  must  be  characterized  as  perfectly  enormous  —  more 
j)articularly  since  it  was  improbable  that  the  whole  motion  of 
the  bodies  should  be  in  the  line  of  sight. 

But  since  in  the  stars  which  have  appeared  more  recently, 
Nova  NoDHiie  and  Nova  Cari/iae,  the  same  pairs  of  bright  and 
dark  lines  were  found,  in  which,  as  in  the  si:)ectrum  of  Nova 
Atirigac,  the  emission  line  lay  on  the  less  refrangible  side  ;  and 
since  similar  lines  can  be  observed  in  the  spectra  of  ^  Lyrae  and 
P  Cygni  (the  Nova  of  1600);  and  particularly  since  no  change 
in  the  distance  between  the  bright  and  dark  lines  could  be 
detected  during  the  whole  of  the  first  apparition  of  Nova  Anrigae, 
and  the  lines  remain  unchanged  in  position  in  the  spectrum  of 
P  Cygni  —  while  in  ^  Lyrae,  though  they  vary  during  the  star's 
period,  the  changes  are  never  so  great  as  to  reverse  the  positions 
of  the  dark  and  bright  lines  —  doubts  as  to  the  applicabilitv  of 
Doppler's  principle  to  such  cases  appeared  to  be  more  and  more 
fully  justified. 

The  assumption  that  we  are  here  concerned  with  phenomena 
of  a  purely  physical  nature  gained  a  firmer  basis  through  the 
researches  of  Humphreys  and  Mohler,  Eder,  and  Wilsing,'  on 
the  changes  produced  in  spectral  lines  by  high  pressure.  It  was 
found  that  under  high  pressure  pairs  of  bright  and  dark  lines 
could  be  produced  in  metallic  spectra,  in  which  the  emission  line 
always  lay  on  the  less  refrangible  side. 

These  observations  are  to  be  regarded  as  only  first  begin- 
nings ;  but  doubtless  through  them  a  wide  field  of  highly  inter- 
esting research  is  opened,  in  which  the  astronomer  may  hope 
for  the  zealous  support  of  the  physicist.  The  veil  which  has 
enveloped  anew  our  knowledge  of  the  nature  of  the  temporary 
stars  will  certainly  be  lifted,  when  experiment  shall  yield  results 
which  harmonize  with  the  phenomena  observed  in  them  ;  and 
not  until  then  will  the  time  come  to  frame  hypotheses  respecting 

'"Ueber  die  Deutung  des  typischen  Spectrums  der  neuen  Sterne."  Sitz.  d.  K. 
Akad.  d.  W.  Berlm,  24,  425.      1899. 
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the  origin  of  the  abnormal  conditions  of  pressure  in  their  atmos- 
pheres. 

It  is  quite  possible  that,  as  observations  of  motions  in  the 
line  of  sight  become  more  and  more  refined,  the  conditions  of 
pressure  in  the  atmospheres  of  the  stars  can  no  longer  be 
neglected,  although  it  may  be  assumed  that  the  pressure  in  the 
atmospheric  layers  from  which  the  light  comes  to  us  is  neither 
subject  to  great  variations  for  any  individual  star,  nor  varies 
widely  for  different  individuals.  Even  if  this  should  not  be 
true,  the  means  of  arriving  at  accurate  results  for  stellar  motion, 
and  at  the  same  time  of  gaining  information  concerning  the  con- 
ditions of  pressure  in  the  stellar  atmospheres,  is  to  be  found  in 
the  use  of  different  metals  for  conij:)arison  spectra. 
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DESCRIPTION    OF  THE    SPECTROGRAPHS    FOR    THE 
GREAT  REFRACTOR  AT  POTSDAM. 

By  H.  C.  VocEL. 

As  I  HAVE  already  mentioned  in  the  precedini^  article,  two 
new  spectrographs  have  been  constructed  for  the  Potsdam  8ocm 
refractor,  and  I  shall  give  here  a  preliminary  description  of  some 
further  details  of  these  instruments,  which 
will  serve  to  make  more  intelligible  the 
illustrations    in    Plates    IX,    X,    and    XI. 

In  the  construction  of  the  larger 
spectrograph  with  three  ])risms,  I  have 
departed  somewhat  from  the  previously 
chosen  form,  in  order  to  obtain  greater 
stability  by  firmly  uniting  collimator, 
prisms,  and  camera  by  means  of  a  single 
plate.  The  steel  plate  A  (see  the 
schematic  diagram  in  Fig.  i)  has  a  thick- 
ness of  7  mm  and  a  length  of  78  cm.  The 
width  at  bb  \s  i\i  cm,  while  at  a  the  plate 
is  rounded,  to  correspond  with  the  arc 
formed  by  the  prisms.  This  plate  is 
rigidly  connected  with  the  elliptical  base- 
plate ^^5,  which  is  10  mm  thick.  To  guard 
against  lateral  flexure,  the  plate  A  is 
provided  with  three  ribs,  one,  dd,  in  front, 
12  cm  deep  and  5  mm  thick,  and  two,  on 
the  back,  8  cm  deep  and  5  mm  thick. 
The  steel   plate  BB  is  secured   by  strong 

screws  to  the  cylindrical  casting  T,  which  is  rigidly  connected 
with  the  draw-tube  /,  at  the  eve-end  of  the  photographic 
telescope.  C  is  the  collimator,  D  the  camera,  and  p  the  plate- 
holder.  The  camera  D  can  be  exclianged  for  another,  which  has 
an  objective  of  shorter  focal  length.    When  this  second  camera  is 
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used,  its  objective  is  of  course  as  close  as  possible  to  the  last  j^risni, 
and  the  plate-holder  has  the  jjosition  />'.  The  slit  ^"projects  some- 
what into  the  CN'liiulrical  ])iecc  T.  It  has  the  same  construction  as 
the  slits  in  all  our  spectrographs  ;  namely,  one  movable  jaw,  which 
is  pressed  at^ainst  the  fixed  jaw  by  a  spring,  and  is  separated  from 
the  latter  by  turning  a  micrometer  screw.  The  jaws  are  made  of 
platinum-iridium.  The  arrangement  for  photographing  compari- 
son spectra  in  juxtaposition  to  the  star  sjjectrum,  and  for  limit- 
ing the  length  of  the  slit,  has  been  described  by  Dr.  Hartmann.' 
I  should  add  that  the  small  plates  or  screens  have  been  placed  at 
a  small  distance  in  front  of  the  slit,  in  order  that  their  bound- 
aries may  be  sharply  defined  on  the  photograph,  which  is  not 
the  case  when  they  are  placed  in  contact  with  the  slit-plate.  At 
t)im  is  an  arrangement  allow^ing  the  apparatus  attached  to  T  to 
be  rotated  around  the  optical  axis  of  the  refractor.  The  angle 
of  rotation  can  be  read  to  i',  and  in  this  way  the  slit  can  be 
accurately  placed  in  any  desired  position  angle. 

In  the  cylinder  T,  which  has  a  length  of  about  57  cm  and  a 
diameter  of  36  cm,  there  are  four  apertures,  closed  by  means  of 
covers  (in  the  diagram,  only  Oj  and  o^  can  be  seen).  These 
aj)ertures  serve  to  introduce  Geissler  tubes,  or  other  apparatus 
which  it  mav  be  necessarv  to  place  in  front  of  the  slit.  At  E  is 
the  (electric)  source  of  light,  the  rays  from  which  are  thrown 
en  the  slit  by  a  mirror  placed,  inside  the  cylinder  T,  in  the  opti- 
cal axis  of  the  refractor  and  the  collimator,  when  the  compari- 
son spectrum  is  to  be  photographed.  Dr.  Hartmann  has  found 
that  the  arc  light  is  advantageous  for  producing  the  comparison 
spectrum.  The  electric  plant  for  turning  the  dome,  opening 
the  shutter,  and  moving  the  observing  chair  furnishes  a  cur- 
rent which  sufifices  for  the  arc  light,  and  which  is  easily  led  from 
the  observing  chair  to  the  instrument.  An  exposure  of  about 
one  minute  produces  a  sufficiently  intense  comparison  spectrum 
when  (and  this  is  now  always  done  here)  the  light  is  rendered 
diffuse  by  interposing  a  translucent  screen  between  the  source  of 

^  Zcitschrift  fiir  Instrumentenkunde,'io,  57,  February  1900.  This  JOURNAL,  July 
1900. 
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light  and  the  slit.  The  effect  of  this  screen  is  to  prevent  entirely 
any  accidental  disjjlacenient  of  the  spectral  lines,  in  the  case  of 
a  possible  imperfect  adjustment  of  the  cone  of  rays  from  the 
source  of  light  with  respect  to  the  o[jtical  axis  of  the  colli- 
mator. 

The  collimator  objective,  by  Steinheil,  has  a  focal   length  of 

A        I 
48cm;    -==  — .      The  e(iui\alent    focal    leiiy'th   of   the    camera 
/'       15  '  ° 

A        I 
objective  (an  anastigmat  by  Zeiss,  of  Jena)   is   56  cm  ;    —  —  —  . 

The  second   camera  objective  (a  cemented   triple   lens  by  Stein- 

A         I 
heil)  has  a  focal  lenyth  of  41  cm  ;-=,  =  —. 

The  prisms  were  made  by  Steinheil  of  very  white  Jena  glass 
O.  102,  («=  1.6744  for  7/7) .  The  refracting  angle  of  each  is 
63°  27. '5,  the  length  of  the  refracting  edge  (height  of  the  prism) 
is  40  mm.  The  lengths  of  the  refracting  faces  of  the  three 
prisms  are  respectively  60  mm,  65  mm,  and  70  mm,  and  the  total 
average  length  of  path,  when  the  prisms  are  in  the  position  of 
minimum  deviation  for  the  H'y  rays,  is  103  mm.  The  anastig- 
mat lens  of  the  first  camera  makes  it  possible  to  obtain  a 
uniformly  sharp  spectrum  from  b  to  K,  but  the  strong  curva- 
ture of  the  lenses  causes  a  somewhat  greater  loss  of  light 
with  this  camera  than  with  the  second  objective  of  41  cm  focal 
length. 

For  the  sake  of  lightness,  numerous  openings  are  left  in  the 
steel  plate  AA  and  its  strengthening  ribs.  The  steel  parts  were 
finished  with  a  fine  matt  surface  and  then  nickel-plated.  The 
box  which  encloses  the  prisms  is  made  of  thin  sheet  nickel,  and 
is  highly  polished,  in  order  to  protect  the  prisms  as  much  as 
possible  from  radiant  heat,  and  during  the  observations  the 
apparatus  is  further  protected  by  enveloping  it  in  cloth.  A 
telescope  for  observing  the  image  of  the  star  in  the  slit,  formed 
by  light  reflected  from  the  first  surface  of  the  first  prism,  is  pro- 
vided, as  in  the  earlier  apparatus,  and  provision  is  also  made  for 
so  connecting  this  telescope  with  the  prism  box,  that  the  image 
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reflected  from  the  first  face  of  the  second  prisni — that  is,  the 
star  spectrum  formed  by  the  first  prism  —  can  also  be  observed. 
In  the  prism  box  is  a  thermometer,  the  bulb  of  which  projects 
into  the  box,  while  for  further  determinations  of  temperature 
there  is  a  thermometer  at  the  lower  end  of  the  tube  of  the 
refractor,  and  another  near  the  great  objective,  both  within  the 
tube.  They  can  be  illuminated  by  incandescent  lamps,  and  are 
easily  read  from  the  eye-end  of  the  telescope  by  approj)riate 
systems  of  lenses. 

The  weight  of  the  spectrograph  (which  has  been  designated 
by  the  numeral  III),  is  31  kg. 

The  construction  of  the  apparatus  I,  which  is  provided  with 
only  a  single  prism,  will  be  readily  understood  from  the  illus- 
tration.    The  focal  length  of  the  collimator  objective  is  53cm; 

A        I 

-=  =  —  .     The  focal  length  of  the  cemented  triple  camera  obiect- 

F       \^  o  I  J 

A        I 
ive  is  72cm;  -7:,=— z.      Both   objectives  are  from   the  shops  of 

C.  A.  Steinheil's  Sons,  Munich,  while  the  prism,  which  has  a 
refracting  angle  of  60°,  a  height  of  45  mm,  and  faces  61  mm 
long,  was  made  by  Zeiss,  of  Jena.  This  apparatus  gives  a  sharp 
spectrum  from  D  to  N,  corresponding  to  a  difference  of  wave- 
length of  230/ii/i.     The  weight  of  the  apparatus  is  20  kg. 

The  mountings  of  both  instruments  were  made  in  the  most 
satisfactory  manner  by  the  mechanician,  O.  Toepfer,  of  Potsdam. 

The  fine  groups  of  lines  in  the  solar  spectrum,  which  Camp- 
bell, in  his  description  of  the  Mills  spectrograph,  has  cited  as  a 
test  for  such  instruments,  are  perfectly  resolved  with  the  same 
angular  slit-width. 

In  order  to  permit  a  more  accurate  judgment  of  the  capabili- 
ties of  the  apparatus  to  be  made,  with  respect  to  the  resolution 
of  close  lines  on  a  photograph  of  the  solar  spectrum,  I  gi\'e  the 
following  table  of  results  : 
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All  the  tests  which  have  been  made  so  far  with  resj)ect  to  the 
stability  of  the  apparatus  have  given  very  satisfactory  results,  sa 
that  there  can  be  no  further  doubt  that  the  Potsdam  instrument 
will     yield     results     e(|ual    to    those    obtained     with    the    Mills 
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spectrograph.  On  account  of  the  longer  collimator  of  the  Mills 
spectrograph,  corresponding  to  the  greater  focal  length  of  the 
Lick  refractor,  this  instrument  has  an  advantage,  characterized 
chiefly  by  the  shorter  exposure  times  required,  in  that  the  slit  can 
be  opened  more  widely  than  that  of  the  Potsdam  instrument,  for 
equal  resolution  of  the  systems  of  lines  in  the  spectrum.  On  the 
other  hand,  the  anastigmat  lens  of  the  longer  camera,  and  the 
fact  that  the  8o  cm  objective  of  the  Potsdam  refractor  is  achro- 
matized for  the  chemically  active  rays,  permit  a  much  greater 
length  of  sharply  defined  spectrum  to  be  photographed  with  the 
Potsdam  apparatus,  a  circumstance  which  is  of  great  importance 
for  investigations  which  are  not  specially  restricted  to  the  deter- 
mination of  motions  in  the  line  of  sight.' 

Taking  absorption  into  account,  the  ratio  of  brightness  for 
the  Lick  and  the  Potsdam  refractors  may  be  taken  to  be  11:9, 
or,  when  the  correcting  lens,  which  does  not  reduce  the  a])eiture, 
is  used  with  the  Lick  refractor,  7:6.  With  respect  to  brightness 
the  Lick  instrument  has  therefore  no  material  advantage,  if  we 
leave  out  of  consideration  the  favorable  atmospheric  conditions  on 
Mt.  Hamilton.  But  in  changing  from  a  refractor  of  5.4  m  focal 
length  to  one  of  12  m,  we  have  already  had  ample  opportunity 
to  appreciate  how  weighty  are  these  very  advantages  of  trans- 
parent and  quiet  air  with  respect  to  the  decrease  in  the  requisite 
times  of  exjiosure.  The  observer  with  the  Mills  spectrograph 
on  the  Lick  telescope  will  therefore  have  an  advantage,  particu- 
larly in  consequence  of  superior  atmospheric  conditions  ;  and  will 
always  have  it.  1  am,  however,  convinced  that  in  choosing  an 
instrument  with  the  relatively  short  focal  length  of  12  m,  we 
have  obtained  that  which  is  best  suited  to  our  own  atmospheric 
conditions,  and  have  secured  the  greatest  possible  efficiency. 

In  further  comparison  of  the  instruments  in  question  I  have 
compiled  the  following  table,  in  which  are  given  the  values  cor- 
responding to  a  displacement  of  0.25  mm  (one  revolution  of  the 
measuring  apparatus  used  at  Potsdam  and  Mt.  Hamilton)  : 

'  The  Lick  refractor  has  recently  been  provided  with  a  correcting  lens  for  uniting 
the  chemically  active  rays  on  the  slit  of  the  spectrograph.  Its  use  is,  however,  attended 
by  some  further  loss  of  light. —  Editors. 
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Potsdam  s]>ectr()i,'rapli  ( l888) 

Mills  spectiogiapli 

Potsilani  spectr<igiai)h  III  (1898),  camera  I 

Potsilam  spectrograph  III,  camera  2 

Potsdam  spectrugra])!)  I 


km 


0.324 

224 

0.3143 

217 

0.2546 

176 

0.344 

238 

0.(375 

466 

For  the  derivation  of  the  formula  for  sj.)ectrograph  III  Dr. 
Hartmann  has  made  the  following  mea.sures  on  the  solar  spec- 
trum : 


R 

Wave-length  (Rowland) 

Wave-length  (computed) 

o.-c. 

—  0.224 

4654.74 

4654.76 

—  0.02 

-f-  17.220 

4590.13 

4590.13 

0.00 

34.180 

4531.80 

4531-83 

—  0.03 

51.576 

4476.22 

4476.22 

0.00 

65.888 

4433-39 

4433-38 

-4-  O.OI 

86.404 

4376.11 

4376.10 

-(-  O.OI 

100.000 

4340.63^^7 

4340.61 

4-  0.02 

108.706 

4318.82 

4318.83 

—  O.OI 

136.228 

4254.50 

4254.50 

0.00 

156.776 

4210.53 

4210.53 

0.00 

178.468 

4167.44 

4167.45 

O.OI 

194.764 

4137-16 

4137-14 

-f  0.02 

The  formula 


^  =  3279-50  + 


[7.762974] 


(^+595-55o)«  ' 

computed  from  these  data  represents,  as  the  last  two  columns  of 
the  table  show,  all  the  observations  to  within  the  limits  of  error 
of  measurement.  The  region  of  the  spectrum  here  represented 
includes  the  entire  range  of  50  mm,  symmetrical  with  respect  to 
7/7,  which  is  measurable  at  once  with  the  screw  of  the  new  meas- 
uring apparatus. 

A   formula   for   spectrograph  I  has   already  been   published.' 
Expressed  in  the  terms  of  the  units  here  adopted  it  is, 

X  n    I    [5-819004] 

A  :=  2232.8 +  '--^_^      , 

and  represents  accurately  the  part  of  the  spectrum  between 
X,3709.6  and  X  5183.7. 

'  Pub.Astroph.  Obs.  Potsdmn,  12,  No.  42. 
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MENT OF  SPECTROGRAPHS.     I. 

l!v    J.    II  A  R  T  M  A  N  N  . 

At  the  suggestion  of  Professor  H.  C.  \'ogel  I  made  a  series 
of  s})ecial  investigations  some  two  years  ago,  the  results  of 
which  have  been  adopted  for  the  construction  and  adjustment  of 
two  spcctographs  which  are  to  be  employed  in  connection  with 
the  large  refractor  for  the  photogra})hy  of  stellar  spectra.  Since 
the  apparatus,  which  has  now  been  com{)leted  for  some  time,  has 
proved  to  be  extremely  efficient  and  reliable,  I  desire  to  commu- 
nicate here  some  of  the  results  of  those  investigations  which 
may  also  be  of  service  elsewhere  in  the  construction  of  spectro- 
scopic apparatus. 

I.       CHOICE    OF    OBJECTIVES    FOR    COLLIMATOR    .VND    CAMER.\. 

Hitherto  the  objectives  for  the  collimator  and  camera  of  a 
spectroscope  have  commonlv  been  selected  from  types  of  lenses 
already  existent ;  for  the  collimator  objective  a  telescope  object- 
ive is  usually  chosen,  and  a  similar  lens  for  the  camera,  or  else 
one  of  the  various  systems  of  photographic  objectives  now  found 
in  commerce,'  But  the  properties  of  all  these  lenses  only  par- 
tially satisfy  the  demand  which  they  must  fulfill  in  spectrographs, 
and  in  many  cases  the  efficiency  of  the  instrument  could  be 
increased  by  the  construction  of  objectives  especially  calculated 
for  this  purpose.  In  now  giving  a  few  brief  remarks  on  the 
essential  properties  of  these  lenses,  I  hardly  need  to  remmd  the 
reader  that  only  especially  clear  and  transparent  kinds  of  glass 
can  be  employed  in  rnaking  the  lenses,  and  their  thickness  is  to 
be  limited  to  a  minimum. 

'  Extended  investigations  have  been  published  by  others  as  to  the  best  choice  of 
apertures  and  focal  lengths.  See  Wadsworth,  "  The  Modern  Spectroscope."  This 
Journal  3,  321,  1896  ;  Keeler,  "Elementary  Principles  Governing  the  Efficiency  of 
Spectroscopes  for  Astronomical  Purposes."     Sidereal  Messenger,  10,  431,  1891. 
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The  (.Icniaiuls  made  upon  the  collimator  objecti\'e  and  the 
camera  objectixe  are  decidedly  different. 

The  collimator  objective  must  render  exactly  parallel  all  the 
rays  of  different  wave-lengths  which  proceed  from  the  slit,  that 
is,  from  points  lying  \'erv  near  to  the  ])rincipal  optical  axis.  If 
an  astro)io)iiical  objective  is  emj^loved,  i.e.,  one  computed  onh'  for 
points  on  the  axis  and  for  parallel  incident  light,  it  must  there- 
fore be  as  free  as  possible  from  spherical  aberrations,  and  must  be 
especially  well  achromatized  if  it  is  desired  to  photograph  a  con- 
siderable extent  of  spectrum  with  the  constant  length  of  collima- 
tor ;   on  the  other  hand  a  large  angular  aperture  is  not  necessary. 

But  for  the  camera  objective  a  large  angular  aperture  is 
necessary^  in  addition  to  as  complete  suppression  of  spherical 
aberration  as  possible,  while  the  achromatism  comes  in  as  a  sec- 
ondarv  consideration.  By  giving  the  photographic  plate  a  defi- 
nite inclination  to  the  axis  of  the  camera  it  is  possible  to  bring 
the  sensitive  film  simultaneously  into  the  focus  of  rays  of  differ- 
ent wave-length,  even  when  their  focal  lengths  are  not  equal,  but 
onlv  increase  uniformly  with  the  deviation  of  the  raj's  in  ques- 
tion. Now  a  uniform  increase  of  this  sort  is  quite  as  well  pos- 
sible for  a  lens  which  is  not  achromatic  as  for  one  which  is 
achromatized  for  a  point  of  the  spectrum  considerably  distant 
from  the  region  which  is  then  to  be  photographed. 

For  a  photographically  corrected  lens  the  favorable  case  may 
occur  that  the  blurring  of  the  image  is  compensated  by  the 
residual  difference  of  focus  for  the  rays  of  different  wave-length, 
which  usually  produce  the  secondary  spectrum.  As  is  well 
known  the  focus  of  achromatic  objectives  composed  of  two 
kinds  of  glass  reaches  a  minimum  for  some  spectral  ray  lying  in 
the  middle  of  the  portion  achromatized.  If  the  photographic 
plate  is  now  placed  vertically  to  this  ray,  all  the  other  rays  fall- 
ing on  the  plate  will  have  to  cover  longer  paths  from  the  object- 
ive to  the  plate,  and  since  the  focus  is  longer  for  these,  as 
already  mentioned,  we  may  by  properly  achromatizing  the 
objective  accomplish  the  result  of  uniting  these  lateral  rays  pre- 
cisely on  the  plate. 
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It  is  a  very  difficult  problem  for  opticians  to  construct  a  lens 
fulfilling  the  above  conditions  —  angular  aperture  of  about  20°, 
absence  of  spherical  aberration  with  the  greatest  ])ossible  aper- 
ture, and,  for  given  dispersion,  position  of  all  the  foci  on  a 
straight  line  not  too  greatly  inclined  to  the  axis. 

Permit  me  to  point  out  a  theorem  which  results  when  a  simple 
plano-convex  lens  from  the  same  glass  as  the  prism  is  chosen  for 
the  camera  objective. 

If  we  let  r  be  the  finite  radius  of  curvature  of  a  plano-con- 
vex lens,  n  be  the  index  of  refraction  for  any  desired  ray  in  the 
common  material  from  which  the  lens  and  prism  are  made,  A  be 
its  deviation  and  /;  the  angle  of  the  prism,  and  finally  /^  be  the 
focal  length  of  the  lens  for  the  ravs  in  question,  then  for  the 
prism  at  the  minimum  deviation  we  shall  have  the  well-known 
relation 

sini(^  +  *)  ^ 


=  sin  —  cot  — |-  cos 


I     ,  2  2  2 

sm  -  0 

2 

If  we    introduce  this  expression    in  the  formula  applying   to 
the  plano-convex  lens 

n  —  I 

we  shall  obtain  the  following  relation  not  involving  7i  : 

r 


F  = 


.     A  b 

sm  —  cot  - 

2  2 


(l-COS^) 


This  is  the  polar  equation  of   the  focal  line  of   the  system  in 
question,  the  pole  being  placed  at  the  optical  center  of  the  lens. 

The  term  i —  cos  —  vanishes  for  small  values  of  A,  and  since 

2 


.     A         b 
sm  —  cot  - 

2  2 


is  the  equation  of  a  straight  line  which  runs  parallel  to  the  inci- 
dent ray  at  a  distance  of  r  tan   -,  it   follows  that  the  foci  of  the 
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system  will  lie  \'ery  nearly  in  a  straiL^iit  line  for  not  too  large 
deviations,  so  that  considerable  stretches  of  spectrum  can  be 
rendered  simultaneously  sharp  by  inclining  the  plate-holder  to 
the  axis  of  the  camera. 

I  show  the  relations  for  a   prism  of  60°  in  Fig.  i.      (9  is   the 
optical  center  of  the  camera   lens,  whose  radius   of  curvature   is 


Fig.  1, 

represented  by  the  distance  r.  It  will  be  seen  that  the  focal 
line  approximates  a  straight  line  quite  closely  for  all  deviations 
which  will  practically  occur.  The  relation  here  derived  .will^be 
especially  useful  in  research  with  a  quartz  spectrograph,  having  a 
simple  quartz  lens  for  its  camera  objective,  since  it  gives  directly 
the  necessary  focus  and  inclination  of  the  plates  for  every,desired 
angle  between  collimator  and  camera. 


II.       RELATIVE    LIGHT-POWER     OF    SIMPLE    AND     COMPOUND    PRISMS. 

Various  means  are  available  for  giving   a    definite   dispersion 
to  a  parallel  beam   of  given  section,  such  as  emerges  from  the 
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•objective  of  the  collimator  of  the  spcctro.scoi)e.  We  may  emj)loy 
systems  of  simple  prisms  of  either  large  or  small  refracting 
angle,  different  varieties  of  compound  prisms,  and  finally  diffrac- 
tion gratings.  Of  all  these  dispersion  systems  that  one  should 
be  selected  which  involves  the  least  loss  of  light  while  yielding 
the  dispersion  sought,  the  other  conditions  prescribed  by  the  par- 
ticular purpose  of  the  spectroscope  being  also  taken  into  consid- 
eration. 

As  far  as  simple  prisms  are  concerned,  it  was  shown  by 
Pickering'  as  early  as  1868  that  the  most  favorable  form  of  the 
prism  is  that  at  which  the  incident  beam  is  completely  polarized. 
The  corresponding  angle  of  the  prism  will  vary  according  to  the 
index  of  refraction  of  the  ray  which  is  to  pass  through  the 
prisms  at  the  angle  of  minimum  deviation.  The  following  values 
are  obtained  : 

Index  Angle  of  prism 

I  .50 67    22. '8 

1.55 65    39.4 

I  .60 64       0.6 

1.65 62    26.2 

1 .70 60  55  .8 

The  most  favorable  angle  for  the  prism,  therefore,  lies  between 
60^  and  67°  for  the  ordinary  kinds  of  glass,  and  a  prism  of  60° 
angle  may  be  regarded  as  a  very  suitable  one  in  all  cases.  Pick- 
ering's beautiful  investigation  does  not  appear  to  have  been  cor- 
rectlv  understood  bv  all,  as  the  assertion  is  still  met  with  in 
many  treatises  that  the  greatest  possible  refracting  angle  is 
alwavs  advantageous  in  respect  to  light-power  where  simple 
prisms  are  employed. 

Another  investigation  ^  of  the  brightness  of  the  spectrum 
produced  by  simple  prisms  has  been  given  by  Kriiss.  He  gives 
the  proof  that  the  adjustment  of  the  prisms  for  the  minimum  of 
deviation,  which  is  so  important  for  the  purity  of  the  spectrum, 
is  also  most  favorable  for  its  brightness. 

"'On  the  comparative  efficiency  of  different  forms  of  the  spectroscope."  Am. 
Tour.  (2)  45,  301,  1868. 

'"  Ueber  Spektraiapparate  mit  automatischer  Einstellung  "  Zeitschrift  fur  Instru- 
jnentetikunde,  5,  181,  1885. 
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No  thorouu^'h  inv^estij^ations  on  the  loss  of  lit:^ht  in  com})ound 
prisms'  seem  to  have  been  made,  but  it  is  generally  assumed 
that  they  are  c^ecidedly  superior  in  light-j)ower  to  simple  prisms. 
The  reason  assigned  for  this  is  that  a  compound  prism,  in  which 
the  ray  has  to  pass  but  twice  between  air  and  glass,  can  be  so 
constructed  as  to  give  the  same  dispersion  as  two  simple  60° 
prisms,  in  which  a  large  loss  of  light  by  reflection  occurs  four 
times  at  the  boundary  of  air  and  glass.  The  gain  in  light 
accomplished  in  this  way  is  overestimated,  however,  and  the 
calculation  shows  that  this  gain  may  be  entirely  cancelled  by 
the  loss  of  light  due  to  the  surrender  of  the  angle  of  incidence 
which  is  specially  favorable  for  a  60°  prism,  as  well  as  by  the 
loss,  especially  for  the  rays  of  shorter  wave-length,  caused  by 
the  large  increase  in  the  thickness  of  the  glass. 

While  it  is  possible  in  the  case  of  a  simple  prism  to  express 
the  relation  between  the  brightness  of  the  spectrum,  the  disper- 
sion, and  the  refracting  angle  by  a  not  too  seriously  complicated 
formula,  the  corresponding  expression  in  the  case  of  the  com- 
pound prism  becomes  entirely  confused.  It  is  not  possible  to 
express  by  a  single  formula  the  intensity  of  spectrum  given  by  a 
compound  prism  of  any  given  kind  of  glass,  with  given  refracting 
angle  and  given  dispersion,  in  such  a  way  that  we  could  be  in  posi- 
tion to  find  the  most  favorable  conditions  for  brightness  by  a  dis- 
cussion of  such  a  formula.  I  have,  therefore,  calculated  rigor- 
ously the  dispersion  and  light-power  for  a  number  of  different 
kinds  of  compound  prisms,  as  well  as  for  systems  of  simple 
prisms,  for  comparison ;  and  I  communicate  the  numerical 
results  below,  as  they  may  serve  as  a  basis  for  others  elsewhere, 
wherever  the  kind  of  glass  employed  does  not  differ  too  strongly 
from  that  on  which  mv  calculation  is  based. 

I  first  summarize  all  the  necessarv  formulae,  the  derivation  of 
which  is  so  simple  that  I  need  not  give  it  here. 

'  It  mav  be  remarked  in  passing  that  the  widely  adopted  designation  of  the  ordi- 
nary compound  prism,  in  which  a  prism  of  strong  dispersion  with  a  large  refracting 
angle  is  placed  between  two  acute  angled  prisms  of  slight  dispersion,  as  "  Rutherfurd 
prisms  "  lacks  a  historical  basis.  Browning  is  responsible  for  the  idea  and  the  first 
actual  construction  of  such  prisms.  Rutherfurd  suggested  a  less  useful  quintuple 
prism.     Monthly  Notices,  31,  203,  1871. 
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Let  us  call 

Q  the  diameter  of  the  incident  beam, 

J  the  angle  of  incidence, 

R  the  angle  of  refraction, 

A  the  deviation  of  the  ray, 

D  the  dispersion  for  a  difference  of  wave-length  of  i/ifi, 

5  the  length  of  face  of  the  prism, 

B  the  length  of  base  of  the  prism, 

c  the  coefificient  of  absorption  of  the  glass  for  i  mm  thickness. 

;/  the  index  of  refraction  for  the  ray  passing  at  the  minimum 
of  deviation, 

dii,  dj,  dR,   the   variations  of  the  corresponding  (quantities 
for  a  difference  of  wave-length  of  ifiix, 

b  the  refracting  angle  for  the  simple  prism, 

i  the  refracting  angle  of  flint  glass  for  the  comj)ound  prism, 

a  the  refracting  angle  of  the  crown  glass  for  the  compound 
nrism, 

m  the  number  of  the  prisms. 

For  compound  prisms  all  the  data  which  refer  to  the  exterior 
(crown)  prisms  are  given  the  subscript  a,  those  referring  to  the 
interior  prisms  the  subscript  z,  while  /and  R  receive  the  sub- 
scripts I  and  2  for  the  simple  prism,  and  i  to  4  for  the  compound 
prism  for  the  passage  through  the  separate  surfaces. 

FORMULA    FOR    THE    SIMPLE    PRISM. 

Path  of  the  rays  :  (/,  =  R^,  R^  ^  J") 

2 

sin  y,  =  ;/  sin  R^ 

cosy, 

■    b 
B  =:  2^  sm  - 

2 

Deviation  :  A  =^  zj^  —  I? 

2 
Dispersion  :  D  =  liR^  =  -  tan  /,  dn  —  dL 

n 


Dimensions 
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c"  —  I 
Light  power  :  H  =  — (//,  +  H,)  , 

1  /sin  2/.  sin  2/?A=' 
where                                /7,  =  -  I    .   ,  ,  , — ; — 77-  I 

2  Vsin-  (/.  +  /t',)/ 

_  I  / sin  2/1  sin  2i?, V 

and  ^^~2VsinM/x  +  ^.)cosM/.-^x)/    " 

//",  and  //^  are  the  intensities  of  the  light  polarized  perpen- 
dicular and  parallel  to  the  refracting  edge,  the  intensity  of  the 
incident  light  being  called  unity.' 

FORMULA    FOR    THE    COMPOUND    PRISM. 

Path  of  the  rays  :     (/,  =  R^,  R,=^J,\    /4  =  ^i  .  ^^4  =/.) 
Sin  A  =  —  sm  K^ 

"a 

siny,  =  «„  sin  R^ 

Q 


Dimensions  :  Sa  = 


cos  /i 
cos  /j 


^,-=  — ^  COS  R^ 

Bi  =  2vS,  sin  - 
2 


Deviation  :  A  —  2  {/,  -  R,-^  /^  —  R^) 

2  cos  ^,  sin  R^  ,  2  sin  a 

Dispersion  :    D=dR,  = j j-  dn^  -  dn,  -  dj, 

^  ^         cos  y,  cos  J^  cos  /i  COS  y^ 

Ba  Bi 

Light  po.er  :  H  =  (^^J    (^'jf^)  (^.  +  ^.)  ■ 

I  /sin  2yi  sin  2RX  /sin  2y^  sin  2R^ 

where  ^' =  ^  (,  sin^/ +  ^.)  i  IsinM/.  +  ^.)  J 

and 

_  1/ sin  2/  sin  2^?. y/  sin  2y^  sin  2R^  V 

^^  ~  2Vsin^  (y.  +  ^x)  cos^  (/.  —  R^f  Vsin=  (/=  +  ^^)  cos=  i/—R.)l  ' 
'  The  derivation  of  these  well-known  formulae  of  //,  and  //»  may  be  found,  for 
instance,  in  Winkelman's  Hatidbuch  der  P/iysik,  Bd.  2,  Abth.  I,  751. 
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Mv  conijjLitations  refer  to  the  glasses  from  which  the  com- 
pound prisms  were  made  for  the  sj^ectrograph  described  in  the 
Piiblicationcn  des  Astrof^/iysiktilisc/un  Observatorium,  7;  it  should  be 
especially  noted  that  the  flint  glass  is  very  transparent,  and  is 
very  slightly  colored.  These  two  glasses  are  from  the  works  of 
Schott  &  Co.,  in  Jena,  and  are  designated  in  their  price  list  as 
0.102  (heav}'  silicate  flint),  and  O.144  (boro-silicate  crown).  In 
order  to   determine   the  differential  c]uotients  of  the  indices  of 

refraction  -jr  ,  the  following  values  of  the  indices  for  three  ravs 

were  taken  from  the  price  list  mentioned  (July  1886): 

I) 

F 

H       -----         - 

From  these  figures  the  following  dispersion  formulae  were 
derived  for  the  two  kinds  of  glass  : 

1. 61 22  4"  13-91 


0.102 

0.144 

1.6489 

1. 5100 

1.6626 

1. 5156 

1.6744 

1. 5201 

For  0.102,  ti 


For  0.144,  -" 


X  —  2 10.2 
1-4934  +  6.85 


A-  176.5 
from  which  follow  the  values  for  X.^=  4340: 

For  0.102,  dn  =  —  0.000277  d\ 
For  0.144,  dn  =  —  0.000103  ^'^  • 


I.     SIMPLE  PRISMS. 


b 

S 

B 

m 

A 

D 

log// 

30° 

38.8min 

20.  imm 

I 

21^21  .'8 

32 -'8 

9.9148 

2 

42    43.6 

65.6 

9.8302 

3 

64     5-4 

98.5 

9.7461 

4 

85  27.2 

131-3 

9.6625 

5 

106  49.0 

164. 1 

9-5795 

45 

45-6 

34-9 

I 

34  41-9 

57.0 

9.8906 

2 

69  23.8 

113-9 

9.7849 

3 

104     5-7 

170.9 

9.6829 

4 

13S  47.6 

227.8 

9  5844 

5 

173  29.5 

284.8 

9.4891 

DESIGN  OF  SPECTROGRAPHS 
I.     SIMPLE  V^\'i^V$,— Continued. 
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b 

s 

B 

m 

^ 

D 

log// 

55 

55-2 

51.0 

I 

46  16.6 

83.2 

9.8578 

2 

92  33-2 

166.4 

9 

7274 

3 

n8  49.8 

249.6 

9 

6079 

4 

186   6.4 

332.8 

9 

4980 

5 

231  23.0 

416.0 

9 

3961 

60 

64.0 

64.0 

I 

53  41-5 

104.5 

9 

8262 

2 

ro7  23.0 

208.9 

9 

6737 

3 

161     4-5 

3134 

9 

5397 

4 

214  46.0 

417.9 

9 

4203 

5 

268  27.5 

522.4 

9 

31 17 

63 

72.3 

75-5 

I 

59     3-7 

123-3 

9 

7952 

2 

118     7.4 

246.6 

9 

6213 

3 

177   II. I 

369.8 

9 

4723 

4 

236  14.8 

493-1 

9 

3414 

5 

395   18.5 

616.4 

9 

2226 

65 

80.2 

86.2 

I 

63   137 

140.6 

9 

7647 

2 

126  27.4 

281.3 

9 

5694 

3 

189  41 . I 

421.9 

9 

4046 

4 

252  54-8 

562.6 

9 

2598 

5 

316     8.5 

703.2 

9.1272 

II.     COMPOUND  PRISMS. 


i 

a 

^i 

^i 

^« 

^a 

m 

^ 

D 

logi¥ 

80° 

8° 

98.8mm 

127.0mm 

87.4mm 

17.2mm 

I 

68°48.'8 

i86'4 

9.6908 

2 

137  37 

6 

372.9 

9 

4132 

10 

83 

3 

107. 1 

71 

9 

17.7 

I 
2 

61  44 
123  29 

6 
I 

153-4 
306.8 

9 
9 

7488 
5172 

12 

74 

4 

95-6 

62 

7 

18.5 

I 

2 

56     6 
112  13 

7 

5 

133-7 
267.4 

9 
9 

7797 
5720 

15 

66 

2 

85.1 

54 

0 

19.8 

I 
2 

49  14 
98  29 

5 

I 

114. 9 
229.8 

9 
9 

8047 
6162 

20 

58 

7 

75-5 

45 

8 

22.2 

I 
2 

40  12 
80  25 

9 
9 

96-3 
192.5 

9 
9 

8228 
6481 

90 

15 

101 

9 

144. 1 

79 

2 

32.7 

I 
2 

67  30 
135     I 

7 
4 

195-6 
391.2 

9 
9 

6666 
3591 

20 

77 

4 

109.4 

56 

7 

30.9 
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2 
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9 
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2 
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7 
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9 
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2 

88  19 

5 
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9 
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100  20 
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2 

210.3 

92 

9 

59-2 

I 

75  43 

7 

271.4 

9 

5196 

2 

151   27 

4 

552.7 

9 

0770 

25 

95 

5 

146.3 

60 

8 

47-9 

I 

59  42 

9 

180.8 

9 

6758 

2 

119  25.8 

361-5 

9.3642 
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The  coefficients  of  absorption  were  found  by  taking  the 
means  of  the  measures  by  H.  C.  Vogel,  Muller  and  Wilsing,' 
whose  observations  were  made  on  varieties  of  glass  almost  iden- 
tical, but  not  the  same  as  the  glass  of  the  above  prisms.  For 
lioht  of  the  wave-length  4340  I  have  taken  the  absorption 
coefficient  for  a  thickness  of  lOO  mm  as  0.53  and  0.72  respec- 
tively.     Hence  we  get  for  i  mm  thickness  of  glass 

For  0.102,  log  0  =  9.9972428, 
For  0.144,  log  0^:9.9985733. 

With  these  optical  constants  the  computations  were  made 
for  the  following  prism  systems,  for  an  incident  beam  of  35  mm 
section,  and  with  the  ray  //7  at  the  minimum  deviation.  The 
simple  prisms  are  computed  for  the  flint  glass  O.102. 

I  have  graphically  represented  the  values  of  D  and  log  H  in 
Fig.  2,  in  order  to  give  a  clear  survey  of  the  relation  between 
the  dispersion  and  the  light-power  of  the  different  systems  of 
prisms.  The  curves  for  systems  of  simple  prisms  are  given  by 
the  continuous  line,  for  compound  prisms  by  the  broken  line. 
The  appended  numbers  are  the  refracting  angles  in  degrees. 

We  can  see  at  a  glance  that,  aside  from  the  very  slight  dis- 
persion given  by  only  a  single  prism  of  angle  less  than  60°,  the 
simple  prism  with  a  refracting  angle  of  from  about  59°  to  64°  gives 
the  greatest  intensity  for  every  dispersion,  inasmuch  as  the  ])oints 
of  their  curves  always  lie  highest.  For  instance,  if  a  dispersion 
of  250"  is  desired  for  d\—  i  /a/x  in  the  region  of  //7,  this  can 
be  obtained  in  the  following  ways : 

Two    simple   prisms  of  about  63°  angle  give  an  intensity  of  0.413 

Three     "  "       "       "      55'       "         '         "    o-4o5 

Two  compound  "       "       "      80°  and  13"   "     "  "         "    0.391 

Four  simple         "       "       "      47°  "     "  "         "    0.368 

One  compound    "       "       "121°  "     "  "         "    0.362 

Two         "  "       "       "      90' and  23^   "     "  "         "    0.355 

Five  simple  "       "       "      41'  "     "  "         "    0.327 

In  a  similar  way  the  appropriate  system  of  prisms  and  their 
light-power  may  be  read  off    from    the  curve  for  every  other 
'This  Journal,  5,  75,  1897. 
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dispersion.  I  must  es]:)ecially  emphasize  here  the  fact  that  com- 
pound prisms,  although  they  may  ecjual  the  light-power  of  simple 
prisms  for  faint  dispersion  become  increasingly  unsuitable  for 
very  high  dispersions.  Thus,  if  we  draw  a  sort  of  common 
tangent  to  all  the  curves  of  the  simple  prism,  this  will  come  out 
distinctlv  less  steep  than  the  corresponding  line  for  the  com- 
pound prism.  This  is  related  to  the  fact  that  the  light  is  com- 
pletelv  polarized  in  the  most  favorable  form  of  simple  prisms, 
so  that  more  than  the  half  of  its  intensity  can  never  be  lost  by 
the  reflections.  If  a  system  of  such  prisms  has  almost  completely 
polarized  the  light,  the  loss  of  light  by  reflection  on  increasing 
the  number  of  prisms  is  almost  zero.  We  cannot  avail  ourselves 
of  this  favorable  circumstance  in  the  case  of  compound  prisms, 
since  with  them  there  are  always  two  different  angles  of  inci- 
dence. 

Although  it  might  be  possible  that  the  light-power  of  com- 
pound prisms  should  turn  out  a  little  better  for  some  other  point 
in  the  spectrum,  it  is  clearly  evident  from  the  above  that  com- 
pound prisms  are  by  no  means  superior  in  brightness  to  simple 
prisms  in  the  region  of  the  most  active  photographic  rays.  It 
will  be  necessary  to  prove  by  computation,  ultimately  with  the 
employment  of  different  kinds  of  glass,  whether  in  a  given  case 
the  compound  prism  does  bring  an  increase  of  light,  which  cer- 
tainly cannot  be  large.  If  we  further  consider  that  variations  of 
temperature  must  always  produce  tensions  of  the  hard-cemented 
compound  prisms  which  affect  the  sharpness  of  the  image,  and 
further  that  the  surface  errors  have  a  greater  effect  at  the  large 
angles  of  incidence  which  occur  at  the  flint  glass  of  the  com- 
pound prisms,  we  shall  conclude  that  such  prisms  can  by  no 
means  be  employed  to  advantage  in  the  construction  of  spectro- 
graphs for  faint  objects,  especially  when  the  apparatus  must  be 
used  in  very  different  temperatures,  as  is  the  case  for  stellar 
spectrographs.  Since  very  heavy  and  strongly  yellow  kinds  of 
flint  glass  are  not  infrequently  used  for  increasing  the  dispersion 
of  compound  prisms,  I  will  remark  here  that  such  prisms  are  not 
at  all  permissible   for  spectrographs,  since  flint  glass  of  that  sort 
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completely  cuts  off  a  large   part  of  the  photographically  active 
rays. 

As  a  result  of  the  above  investit^ations  there  can  be  no  doubt 
that  only  simple  flint  prisms  of  about  60"^  angle  could  come  in 
question  in  the  construction  of  the  new  stellar  spectrographs  for 
the  Astrophysical  Observatory.  Since  the  dispersion  of  the 
former  spectrograph  for  the  determination  of  stellar  motions  in 
the  line  of  sight  (397 '4  for  lAt^t)  had  proven  very  satisfactory, 
a  similar  dispersion  was  planned  for  the  larger  of  the  new  instru- 
ments, which  is  designated  as  spectrograph  No.  III.  The  graphi- 
cal representation  now  shows  at  once  that  this  condition  could 
be  met  in  two  wavs  with  an  almost  exactly  equal  intensity  of 
light  —  either  by  three  prisms  of  about  64°  or  by  four  prisms  of 
about  59°  angle.  For  the  former  the  deviation  of  the  ray  would 
amount  to  about  184°,  for  the  latter  208°,  and  since  a  very  sinijjle 
form  of  construction  can  be  made  for  180°  deviation,  a  system  of 
three  prisms  of  the  flint  glass  0.102  was  selected  for  spectro- 
graph No.  III.  The  refracting  angle  was  now  so  computed  that 
the  ray  7/7  suffers  a  deviation  of  exactly  180^;  this  condition 
required  an  angle  of  63°  28',  and  the  firin  of  C.  A.  Steinheil's 
Sons  accomplished  the  problem  of  giving  the  three  prisms  this 
angle  with  a  highly  praiseworthv  accuracy.  The  investigation 
of  the    prisms    yielded    the   following   values   for  the  refracting 

angles  : 

Prism  No.  i  63'   28'  17 '13 

"       No.  2  63     26  55.47 

"       No.  3  63     27  26.37 

The  index  of  refraction  for  H'y  has  precisely  the  same  value 
for  the  three  prisms,  1.67435,  so  that  when  placed  at  the  min- 
imum of  deviation  for  7/7  the  light-power  of  the  system  would 
reach  its  maximum  at  a  refracting  angle  of  61°  42'.  We  see 
that  in  this  spectrograph  this  most  favorable  angle  is  very  nearly 
taken,  and  the  slight  difference  in  that  value  is  entirely  without 
effect. 

\_To  be  continued. 1 


THE  VELOCITY   IN   THE   LINE  OF  SIGHT  OF 
e  LEON  IS. 

By  \V.    H.   Wkig  IIT. 

In  this  Journal,  ii,  307,  Mr.  W.  S.  Adams  announced  the 
variable  velocity  of  e  Leonis'Wgoo,  a  =  g^  40"'. 2,  ^=  +  24°  14' 1). 
The  announcement  was  made  on  the  basis  of  fifteen  spectrograms 
secured  with  a  spectroscope  attached  to  the  forty- inch  refractor 
of  the  Yerkes  Observatory. 

Below  are  given  the  results  of  the  measurements  of  all  the 
spectrograms  of  this  star  obtained  with  the  Mills  spectrograph. 
At  the  time  of  receiving  Mr.  Adams'  article  the  first  five  had 
been  secured.  As  they  showed  no  range  which  might  not  be 
due  to  accidental  errors  of  observation,  the  remaining  three 
observations  were  made  for  the  purpose  of  confirming  the  varia- 
tion. 


Gr.  M.  T. 

Velocity 

1897 

April 

8 

1 6".  3 

+5  ' 

1898 

Jan. 

26 

20  .4 

+4.4 

1898 

Feb. 

3 

20  .2 

+4.2 

1898 

Feb. 

8 

20  .1 

+6.9 

I  goo 

Jan. 

16 

23-8 

+5.4 

1900 

May 

24 

16  .8 

+5-0 

1900 

May 

28 

17  .0 

+4.8 

1900 

May 

30 

16  .8 

+4.9 

It  will  be  seen  that  the  measurements  give  no  evidence  of 
variable  velocity.  The  agreement  of  the  determinations  cannot 
be  due  to  a  purely  fortuitous  distribution  of  the  observations 
between  two  points  on  the  velocity  curve  having  equal  velocity, 
as  will  be   seen    bv  comparing  the  intervals   between   epochs   of 

'  Rough  measurements  of  a  poor  plate,  not  to  be  used  in  the  final  discussion  of  the 
star's  motion. 
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observation    with    the    period    which    Mr.   Adams   assigns  —  two 
and  a  quarter  days. 

Lick  Observatory, 

Univk.rsitv  ok  California, 

June  2,  1900. 

Note. — In  the  absence  of  Mr.  Adams,  who  made  the  observations  and  measure- 
ments of  e  Leonis  during  the  usual  winter  vacation  of  the  undersigned,  it  seems  proper 
that  a  statement  should  be  given  as  to  the  accordance  of  measures  made  by  Mr.  Adams 
upon  spectrum  plates  of  other  stars  considered  to  be  of  uniform  radial  velocity.  As  far 
as  known,  the  instrumental  conditions  were  precisely  the  same  as  for  the  spectrograms 
of  €  Leonis.     The  dates  are  those  on  which  the  spectrograms  were  taken. 


■y  Atidrotneda 

e^ 

1899 

Sept.  27 

—  13.8  km 

Nov.  28 

-15. 1 

Dec.     7 

— 14.6 

Dec.  23 

— 16.9 

a  A  rietis 

1899 

Oct.      6 

—20.5 

Dec.   23 

—20.7 

i  Au rigae 

1899 

Nov.    28 

— 0.2 

Dec.     6 

+0.1 

Dec.     7 

+0.3 

a  Cam's  Minoris 

Nov.     3 

— 6.9  km 

Nov.  28 

—4.2 

y  Leonis 

Dec.     7 

—39-2 

Dec.   23 

—40.3 

0  Lyrae 

Oct.    18 

— 19.6 

Oct.    18 

—  18.I 

1899 


a  Ursae  Major  is 

1899  Dec.     7  — 1 1.5 

1900  Jan.    28  —  9.8 

Edwin  B.  Frost. 


ERRATA. 

Vol.  XI,  April  1900.  The  formula  ;«^=  [7.20386] /*F^  which 
appears  in  the  text  on  p.  249,  should  terminate  the  second  footnote  on 
that  page.  On  p.  250,  line  8,  of  Addendum,  for  "w^6"  read 
"  ;«>  6." 
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MEASUREMENT  OF  PHOTOGRAPHIC  INTENSITIES.' 

The  comparison  of  various  celestial  and  terrestrial  sources  of  light 
has  for  many  vears  been  a  subject  for  investigation  by  the  officers  of 
this  Observatory.  One  of  the  first  comparisons  of  the  light  of  the 
Sun  and  Moon  was  made  by  Professor  George  P.  Bond  in  1861  {Mem. 
Amer.  Acad.  8,  N.  S.,  298).  Comparisons  of  the  light  of  the  solar 
corona,  of  the  Moon,  and  of  twilight,  with  a  standard  candle  were 
made  by  the  writer  in  1S70.  A  comparison  of  various  artificial  lights 
was  made  by  Professor  W.  H.  Pickering,  as  his  graduating  thesis  in 
1879  {P'oc.  Amer.  Acad.  15,  236).  Since  1887,  all  the  photographs 
obtained  with  the  principal  instruments  of  this  Observatory  have  had 
an  image  of  a  standard  light  photographed  on  them  for  purposes  of 
comparison.  In  1887,  when  Mr.  W.  H.  Pickering  was  placed  in  charge 
of  the  Boyden  Department,  an  important  part  of  his  work  was  a  quan- 
titative determination  of  photographic  intensities.  This  investigation 
was  completed  in  1891,  and  the  results  are  published  in  the  Annals, 
32,  chapter  I.  The  relative  brightness  of  10,498  stars,  for  the  wave- 
length 430,  was  determined  by  Mrs.  Fleming  and  was  published  in  1890 
in  the  Draper  Catalogue  (Annals,  26  and  27.)  An  independent  deter- 
mination of  the  total  photographic  brightness  of  the  stars  was  under- 
taken in  1896  by  photographing  stars  out  of  focus.  As  none  of  these 
investigations  served  to  determine  certain  constants,  which  seemed 
to  the  writer  to  be  important,  a  more  extensive  investigation  was 
assigned  to  Mr.  Edward  S.  King,  under  whose  direction  the  photo- 
graphs are  taken  at  Cambridge.  This  work  has  been  modified  and 
extended  by  Mr.  King,  so  that  it  now  includes  the  following  researches, 
which  he  describes  below: 

In  1896,  a  monthly  test  of  plates  was  inaugurated,  which  was  of  a 
routine  character.  A  complete  determination,  not  only  of  the  sensi- 
tiveness of  the  emulsion,  but  of  the  constancy  of  the  light  and  of  the 
developer  employed,  is  obtained  by  the  expenditure  of  one  8X10 
plate   per  month  {Photogram,  6,   261).     The   means  of  the   results  of 

'  Harvard  College  Observatory  Circular  No.  50. 
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these  tests,  extendin;^  over  a  long  jieriod  of  time  and  necessarily  sub- 
ject to  all  the  accidental  errors  due  to  season  or  other  factors,  will 
probably  show  the  effect  of  the  age  of  the  plate  on  its  sensitiveness, 
whether  the  image  is  affected  bv  the  interval  between  the  exposure  and 
the  development,  and  other  facts  of  similar  interest. 

About  the  same  time  with  the  above,  the  Director  suggested  that  an 
extensive  investigation  be  undertaken  of  the  photograj)hic  measure- 
ment of  various  sources  of  light.  The  work  was  to  be  systematized  into 
a  routine,  which  should  occupy  the  least  time  in  making  the  observa- 
tions. By  extending  the  period  over  years  and  by  performing  each 
experiment  under  the  most  diverse  circumstances,  the  final  results  should 
be  of  great  accuracy.  Preliminary  to  this  work,  an  apparatus  was  con- 
structed for  making  photographic  wedges  in  which  equal  intervals  of 
the  scale  corresponded  to  equal  differences  in  stellar  magnitude.  The 
general  design  was  the  same  as  that  described  in  the  Annals,  26, 
6,  except  that  the  triangular  aperture  was  replaced  by  an  aper- 
ture bounded  by  a  logarithmic  curve.  The  part  of  the  curve  extend- 
ing to  minus  infinity,  but  enclosing  a  finite  area,  is  represented  by 
admitting  light  through  an  additional  aperture  of  equivalent  area. 
This  apparatus  having  a  range  in  aperture  of  five  magnitudes,  is  use- 
ful for  measuring  the  intensity  of  surfaces  directly,  or  of  bright  objects, 
when  the  aperture  is  covered  with  porcelain.  It  is  also  of  value  in 
comparing  the  sensitiveness  of  plates,  and  for  studying  the  relation  of 
the  darkening  of  the  film  to  the  exposure,  and  to  the  intensity  of  the 
light. 

The  object  of  this  investigation  is  to  determine  the  photographic 
intensity  of  various  sources  of  light  upon  a  uniform  scale.  This  scale 
will  be  that  of  the  Meridian  Photometer,  in  which  a  Ursae  Minoris  has 
the  magnitude  of  2.15,  and  one  unit  corresponds  to  the  ratio  of  2.518, 
whose  logarithm  is  0.400.  Luminous  points  may  be  compared  directly 
with  stars.  In  the  case  of  surfaces,  the  light  eujitted  by  a  circle  having 
a  diameter  of  one  minute  of  arc  is  employed.  In  general,  different 
portions  of  the  same  photographic  plate  are  exposed  for  a  given  time 
to  the  sources  of  light  to  be  compared,  and  the  darkening  measured 
with  a  photographic  wedge. 

Observations  of  surfaces  will  include,  intensity  of  the  sky  atdiffer- 
-ent  distances  from  the  Sun;  the  sky  in  the  zenith  during  twilight,  on 
clear  and  cloudy  days,  on  dark  and  moonlight  nights;  comparisons  of 
blue   sky  with   cumulus   cloud  ;  intensity  of  Milky  Way,  Aurora,  and 
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Zodiacal  Light.  For  this  purpose  pinhole  cameras  are  used  with 
various  apertures.  For  very  faint  lights,  apertures  subtending  an  angle 
of  60°  or  more  are  used.  When  possible,  automatic  devices  are 
employed,  both  to  make  the  exposure  and  to  shift  the  plate. 

For  measuring  luminous  points,  the  light  concentrated  by  a  lens 
illuminates  the  plate  placed  at  various  distances  from  the  focus.  In 
this  manner,  bright  stars,  the  planets,  and  the  Moon  at  different  phases 
and  altitudes,  mav  be  compared  with  a  Ursae  Minotis  or  an  artificial 
light  placed  at  a  distance.  It  is  also  necessary  to  determine  the  effect 
of  any  slight  fogging  before,  after,  or  during  the  principal  exposure. 
The  total  and  local  absorption  of  the  lens  will  also  be  measured.  The 
same  objects  are  also  compared  directly  by  pinhole  cameras.  In  using 
a  pinhole  camera  to  measure  points  differing  greatly  in  brightness  the 
duration  of  the  exposure  must  be  varied.  'I'his  necessitates  a  study  of 
the  darkening  of  the  plate  with  relation  to  time.  The  comparison  is 
made,  in  all  cases,  with  a  light,  producing  an  equal  darkening  in  the 
same  time.  Another  factor  may  be  introduced  by  inclining  the  plate. 
An  angle  of  60^  is  equal  to  a  diminution  of  one  half,  or  about  three 
quarters  of  a  magnitude.  The  exact  amount  corresponding  to  the 
inclination  used,  must  be  determined  by  experiment. 

The  determination  of  the  light  of  the  Sun  is  a  difficult  problem. 
The  light  may  be  reduced  by  a  distant  lens  of  short  focus,  and  com- 
pared with  the  standard  light  similarly  reduced,  but  at  less  distance. 
Another  way  is  by  a  combination  of  lenses  like  a  telescope,  which 
enlarges  or  reduces  objects,  as  we  look  through  one  end  or  the  other. 
The  absorption  of  the  instrument  is  thus  eliminated.  T^'o  plates  of 
glass,  placed  so  as  to  give  multiple  reflections,  will  also  afford  a  wide 
angle  of  exposure,  as  well  as  a  means  of  comparing  lights  of  great  differ- 
ence in  intensity.  Pinhole  cameras  having  the  aperture  covered  with 
a  porcelain  plate  can  be  constructed  so  as  to  give  a  range  of  15  to  20 
magnitudes,  which  is  sufficient  for  comparing  the  Sun  and  the  Moon. 
A  second  pinhole  camera  placed  in  front  will  cut  off  the  light  of  the 
sky  from  the  aperture.  The  absorption  and  the  diffusing  power  of  the 
porcelain  plate  must  be  measured  independently.  In  all  the  preceding 
plans  the  sensitiveness  of  the  plates  to  different  colors  affects  the 
results.  By  combining  a  slit  spectroscope  with  the  cameras  just 
described,  a  comparison  of  the  light  of  the  Sun  and  the  Moon  may  be 
made  in  different  parts  of  the  spectrum,  corresponding  to  given  wave- 
lengths. 
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The  comparison  of  the  spectrum  of  the  various  sources  of  light 
possesses  many  advantages.  The  work  is  phiced  on  such  a  basis  that 
the  results  are  freed  from  the  troublesome  questions  of  absorption, 
sensitiveness  of  the  plate,  etc.,  and  are  rendered  directly  comparable 
with  those  that  may  be  obtained  at  different  times,  by  other  observers, 
under  widely  differing  circumstances.  In  fact,  the  results  should  be 
the  same  as  those  obtained  by  the  eve,  the  bolometer,  or  in  any  other 
manner  that  may  be  devised.  All  these  measures  may  be  made  either 
with  a  telescope  and  objective  prism,  or  with  a  slit  spectroscope  com- 
bined with  a  pinhole  camera  or  telescope.  With  the  objective  prism 
the  spectra  are  made  of  the  same  width,  either  by  interposing  a 
cylindrical  lens,  by  moving  the  plate  at  the  same  equable  rate  for  each 
exposure,  or  by  throwing  the  image  out  of  focus.  In  the  latter  case, 
a  rectangular  aperture  should  be  placed  over  the  prism,  so  as  to  give 
width  with  a  minimum  loss  of  definition.  With  the  moving  plate,  a 
variation  of  light  is  obtaind  by  covering  one  half  of  the  prism  at  a 
time,  along  a  line  perpendicular  to  its  edge. 

The  standard  light  used  is  an  ordinary  Argand  gas  burner  shining 
through  a  small  hole.  The  star  a  Ursae  Minor  is  is  made  the  ultimate 
standard  to  which  all  work  is  referred,  since  the  standard  light  is 
compared  with  it  before  and  after  each  monthly  test  of  the  plates.  In 
addition  to  the  wedges  for  measuring  the  density  of  photographic 
plates  a  polarizing  photometer  is  used  for  comparing  surfaces  with  each 
other. 

Early  in  1900,  while  this  work  was  in  progress,  Mr.  W.  H. 
Pickering,  in  preparing  to  observe  the  Solar  Eclipse  of  May  28, 
desired  to  select  a  suitable  plate  and  developer  for  the  work,  and 
accordingly  undertook  the  following  investigation,  which  he  describes 
below  : 

A  suitable  standard  of  light  has  long  been  wanted  in  photography. 
Artificial  sources  usually  give  even  more  uncertain  results  photograph- 
ically than  they  do  visually,  because  a  slight  variation  in  temperature 
will  effect  the  blue  end  of  the  spectrum  even  more  than  the  red  end. 
In  1893  ^^  occurred  to  the  writer  to  employ  as  a  primary  standard  of 
actinic  intensity  the  radiation  of  a  star  shining  directly  upon  the 
photographic  plate,  without  previously  passing  through  or  being 
reflected  from  any  mediuin,  except  our  atmosphere.  Since  this 
standard  is  too  faint  for  general  use,  a  secondary  one  to  be  standard- 
ized from  it  has  been  devised.  The  light  from  the  star  is  condensed 
through  a  simple  plano-convex  lens  of  8.2  cm  aperture  and  short 
focus,  and  is  focused  on  a  small  circle  of  ground  glass  0.5  cm  in 
diameter.  This  is  placed  3  cm  in  front  of  the  sensitive  plate,  which  is 
exposed   to   it  through  a  su)all  square  aperture  measuring  0.2  cm  on  a 
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side,  cut  in  a  blackened  brass  plate.  The  constant  of  this  instrument 
was  determined,  and  it  was  found  to  give  about  thirty  times  the  light 
of  the  direct  radition  of  a  star  upon  the  photographic  plate.  \S\\.\v 
twenty  minutes  exposure  a  Ursae  Minoris  darkened  the  plate 
sufficiently  to  produce  the  "Sensitive  Tint,"  that  is  to  say  the  tint 
where  a  small  variation  in  the  light  is  most  noticeable.  The  secondary 
standard,  however,  is  not  sufficiently  brilliant  for  ordinary  purposes, 
and  a  tertiary  one  has  therefore  been  devised.  This  consists  of  a  box 
30  cm  in  length,  one  end  of  which  contains  an  aperture  5  cm  in 
diameter,  covered  by  a  piece  of  ground  glass,  and  the  other  end 
carries  the  sensitive  plate  and  the  blackened  brass  plate  described 
above.  Just  inside  the  ground  glass  may  be  jjlaced  diaphragms 
ranging  from  0.04  to  4.0  cm  in  diameter.  At  a  distance  of  about  200 
cm  beyond  the  ground  glass  is  placed  an  Argand  gas  burner.  This 
apparatus  gives  ample  light  for  all  photographic  purposes,  and  the 
plates  exposed  in  it  may  always  be  standardized  when  necessary  by  an 
additional  exposure  to  the  secondary  standard. 

The  three  pieces  of  apparatus  above  described  are  adapted  to 
various  investigations.  Thus  the  photographic  brightness  of  the  Moon, 
and  of  the  brighter  stars  and  planets,  may  be  measured  with  accuracy 
bv  employing  different  apertures  in  front  of  the  lens  of  the  second- 
ary standard,  and  measuring  the  brightness  of  the  various  images 
obtained  by  means  of  a  photographic  wedge,  or  a  series  of  stand- 
ard squares  of  varying  density.  It  is  very  important  to  vary  the 
aperture  rather  than  the  time  of  exposure,  since  the  results  obtained 
in  the  latter  case  would  have  to  be  corrected  by  the  "Time  Correc- 
tion "  {Annals,  32,  20).  The  secondary  standard  also  enables  us  to 
express  the  sensitiveness  of  a  plate,  in  terms  of  universal  applica- 
tion throughout  all  time.  Thus  the  Seed  plate  No.  27  is  capable 
of  being  appreciably  darkened  when  exposed  for  ten  minutes  to  a 
source  equal  to  300  times  the  brightness  of  a  Ursae  Minoris.  This 
amount  of  light  is  equal  to  about  thirty  times  the  brightness  of  a 
star  whose  photographic  magnitude  is  0.0.  The  logarithm  of  this 
number,  1.5,  may  be  conveniently  used  to  represent  the  sensitive- 
ness of  the  Seed  plate.  By  the  use  of  the  secondary  and  tertiary 
standard,  together  with  an  ordinary  photographic  telescope,  we  may 
make  a  study  of  the  brightness  of  nebulae,  comets  and  other  lumi- 
nous surfaces. 

From  these  various  investigations  it  is  hoped  that  we  shall  obtain  a 
scale  of  photographic  intensities  with  which  all  sources  of  light  may  be 
compared  and  to  which  they  may  be  referred. 

Edward  C.  Pickering. 

May  9,  1900. 
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